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PREFACE 



This book has been written in answer to questions 
asked in the class room, by the bedside, and in consulta- 
tion, and is, therefore, intended for the use of the student, 
the general, and the special, practitioner. 

As would be exi>ectcd, from the character of its incep- 
tion, it is rather the record of individual experience than 
a review of the literature of its subject, and has framed 
itself naturally upon those lines in wliich the majority 
of the questions have been asked, namely, the causative 
conditions of surgically remediable disease and the surgi- 
cal measures best applicable to their treatuient. 

Essentially a surgical treatise, with a view to practical 
utility, structural descriptions have been limited to those 
of surgical importance, pathological conditions have been 
emphasized, and the detail of surgical procedure has been 
confined to that aeceptedly applicable to the condition 
presented. 

Two efforts have been consistently maintained through- 
out the work : one to present the given subject as simply 
as possible, the other to eliminate, as far as possible, that 
obstructive factor in scientific study — personal equation. 

The illustrations are, mainly, original, from material at 
the authors' command; a few are copies from original 
drawings, made for Professor Politzer, and placed at the 
jiuthors' disposal. 
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SURGICAL ANATOm^ OF THE TEMPORAL BONE 
AND ADNEXIA 



Surgically ooDsidered, the temporal bone in the adult 
may he regarded as comprising three cavities, irregular 
in shape but definite in individual form, surrounded by 
cortical bone the two layers of which either approximate 
to the point of fusion or are separated by diploe. Of these 
cavities, the labyrinth and tympanum contain struc- 
tures for tlie mohir and for the molar and nioleculfir, trans- 
mission of sound waves, and for the deteniiination of 
grosser movement incident to the maintenance of e(|uilib- 
riuni ; the third cavity, that of the mastoid, being, in 
effect, a continuation of the tympanism, with the addition 
of n comi»aratively excessive degree of development of 
the diijloetic substance. 

The first of these cavities is completely developed at 
birth, and the second almost so, while the third, consist- 
ing at first merely of a blind prolongation, posteriorly, of 
tlie tpnpanuni, gradually develojis and extends backward 
and outward until, at the temiiuation of primary adoles- 
cence, it has attained the limit of extension, whi<'h it retains 
tlirough adult life, as the mastoid process of the temporal 
hone. 
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LABYRINTH 

Considering these cavities in order from within out- 
ward, the labyrinth is the most distinctive ; it is inclosed 
within its own bouy wall, and surrounded by a layer of 
dijiloe of the petrous portion of the temporal bone, which, 
even in adult life, does not entirely disappear; it is the 
most completely encapsulated of the three cavities, de- 
voted in its anterior portion to the lodgment of the 
aiiparatus for the transmission and reception of sonorous 
vibrations, and in its posterior portion to the apparatus 
for the i)ercejition of the grosser modes of motion as a 
peripheral organ of equilibration. It has three afferent 
and two efTerent openings. The afferent openings in the 
capsule wall are the porous acousticns internus, its 
walls a prolongation of the labyrinthine capsule, for the 
passage of the auditory and facial nerves, the oiiening of 
the oval window, closed by membrane and by the base 
plate of the staites, and the round window, closed by 
membrane alone. The efferent openings are the aque- 
duct of the cochlea and the aqueduct of the vesti- 
bule. The auditory nerve, branching at the fundus 
of the porous acousticns internus, is distriltuted to the con- 
tents of the labyrinthine capsule; but the facial nerve, 
entering at the same point a channel of its own with dis- 
tinct cortical walls, ]msse8 through the diploe of the 
petrous portion of the temporal bone, at first foi*ward, 
then sharply backward over the niche wall of the oval 
window, downward and outward beneath the inner and 
lower cortical walls of the antrum, and then downward 
to make its exit at the stylomastoid foramen, giving off, 
in the median jiart of its course, in addition to various 
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sympathetic connections, principally with the vidian, a 
twig to the stapedius muscle, and a branch, the chorda 
tympani, which, crossing the tympanum partly below 
the lower border of the epitympanum and passing between 
the long i)rocess of the incus and malleus, makes its exit 
at the anterior tympanal fissure, for distribution mainly 
to the anterior and lateral portions of the tongue. 

Encapsulated as it is, the labyrinthine cavity is but 
little subject to pyogenic invasion through its cortical 
walls, as is shown by its sequestrnl separation as a whole, 
or in large portions, in the event of extensive necrosis 
of the petrous portion of tiie temporal Iwne,' the concur- 
rence of its membranous contents in a septic process 
being mainly due to invasion through some of its afferent 
openings. 

The protection afforded, however, by the resistant 
action of the soft tissues closing these channels of pos- 
sible invasion is such that suppurative implication of the 
labyrinthine contents is a rare occurrence. 

The position of the labyrinth, forming, as it does, a 
portion of the iimer tympanic wall, makes it readily acces- 
sible to surgical interference, either directly through the 
external auditory canal, or ])osteriorly through the base 
of the petrous portion of the temporal bone, when that 
region has been exjiosed by an operation upon the mas- 
toid; while the position of the facial nei*ve, close to the 
cortical wall of the tjnnpanum above the oval window, on 
tlie floor of the antrum, and juxtajiosition to the posterior 
tjnijianie wall, where the cavity of the pyramid for lodg- 



' The larger acqueatra usually include the cochlea and anterior portion of 
the vestibule, tlie line of separation pasaing through the oval and round 
windows. 
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ment of the belly of the stapedius muscle approaches it, 
present vulnerable points which should be regarded in 
intratympanic, mastoid, and tympanomastoid operations. 

Surgically, the labyrinth may be regarded as a fixed 
factor, whether interference is demanded in infantile or 




Fig. 1* — Photograpliic eniar^^mout of tyui|nwiic ni't'fi; siiQie epecimfa aa slio^n in 
Plnfe A, ShowiriK, in a«1ilitjon to t^ie sispe and contents of the t3*tiipttinitn, 
tlip pneumatic stntetun? of the tcgmen tjinpani and antri, wliorl of tiie cochlea, 
carotid caasl, tympnnopiuu'yngciil tube, and extcrattl auditory canal. 

in adult life; it is fully developed at time of birth, and 
remains practically unclianpred in contour and in sur- 
roundings except for the gradual condensation of the 
diploe of the petrous bone. 
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TYMPANUM 

Very different is the surgical aspect of the next outer- 
most cavity, the tjinjtanum, with its extension in the exter- 
nal auditoiy canal toward the surface, and in the pneu- 




Fio. 2. — Same specimen nn in Fig. I, pliuiocniiJieil iifier ili.-iirt ii ululion of malleui 
knd incus and (lie forcing outward of (lie umlli'ua mid tynipaiiic raEmbrunc; 
sbowiiiK more distinctly ilic indivtduid ossieles u.ini tlic natun; of the bone 
separating the tympanic froru tliu cranini cavity. 

niatic cells of tlie mastoid, posteriorly, with an additional 
opening anteriorly into the tyinpanopharyngeal tube, which 
(>sta]>!islies for it a free eonimunicatioD with tlie naso- 
pharynx (Fig. 1). 
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But two elements of this cavity may be regarded, sur- 
gically, as fixed factors: its inner wall, practically the 
outennost wall of the labyrinthine capsule, and that por- 
tion of its contents constituting the hyordean series, and 
comprising tlie three auditory ossicles, substantially the 
same in size, contour, and relation at birth as in adult 
life, and changing only in their interior structure by the 
gradual increase in thickness of their cortical substance 
(Fig. 2). 

The tympanopharyngeal tube, opening into the 
tympanum on its anterior wall, and bounded sujieriorly 
by the curved bony plate which partially incloses the belly 
of the tensor tjTupani muscle, narrows fonvard to the 
point of its junction with the membranous ijortion of Uie 
tube, this portion being cartilaginous on the posterior and 
superior, and membranous on the anterior and inferior 
walls; the cartilage projecting, in the adult, into the uaso- 
pharj'ngeal space as a distinct elevation on the lateral 



HaKtald n'llii 



lAite tip cell 




Tubal latbmua TuUvl eutronce 



Kio, 3, — nitlstruling rdutiuoxliip botw(>en the timpanopharyngeal tube, tympa- 
num, antrum, and mastoid €vllfi. 



pharyngeal wall (Fig. 3). The general direction of the 
meiiibrano-cartilaginous tulie, from its point of junction 
with the osseous portion, is downward into the naso- 
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pliarynx at an angle of forty-five degrees, in the adult; 
but in the infant and young child this portion of the tube 
is more horizontal in position, more patulous, and lacks 
the boss of cartilage projecting into the nasopharynx. 
Tactile examination of the nasopharynx, in the adult, 
clearly reveals tliis cartilaginous projection at the poste- 
rior border of the ti'iangular-shaped faucial opening of 
the tube; and its absence, or moderate degree of projec- 
tion, in young children, explains the readiness with which 
the tubal opening may be occluded by lateral enlargement 
of the pharyngeal tonsil extending downward in the post- 
tubal fossa. 

In the infant, tlie tympanum, though nearly developed, 
is not a completely inclosed bony chamber, as it comes to 
be in the adult, with the exception of the persistent open- 
ing outward, closed by the metnbrana tympanum, and the 
two persistent openings inward, closed by the membrane 
of the oval and round windows. The osseous external 
auditory canal is represented in the infant only by the 
aiinulus tjTnpanicus, lying with its plane very nearly hori- 
zontal, and with, not infrequently, dehiscence of bone on 
its outer posterior margin; the sutural union of the dif- 
ferent parts of the chronosteon is loose, and filled in by 
soft tissues, and the bone itself, with the exception of the 
already developed labyrinth capsule and the ossicular 
chain, is soft and highly vascular. The development of 
the osseous external auditory canal, which proceeds from 
tlie extension of the annulus tympauicus outward con- 
jointly with the projection outward of the lower squamous 
plate of the temporal bone, the upper plate contributing 
to the formation of the tegmen tympani, and the apical 
portion of the resultant intervfenlng space being filled with 
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tlil>U)if, uml with the development of tLe mastoid process, 
vtill imvtUf ia JKime cases, dehiscence of bone on the jhis- 
tonor luorgio of the original annul ns, on the posterior 
wftit of th« tyrnpunnin into the nerviduct of the facial, in 
Hiii U'Kimn tyiiipani and tegmen mastoidea, which may 
mt'tl III [at \ninu: iri {iiind. 

At two yearn (;f age the Hutural connections of the tem- 



>W 4.' 1 



(wel u( iKiuporal bona at twi youB of age. 



|K>ml bi»ne haw Inxxmio finnly established; the petro- 
M^WftUMNM flssuiv has been prartii'jilly obliterated, the 
wuiuhas lyin{^tfus proiecting oatvard fmai below has 
WHUMmI Ui» constant po«dtion of its plane at an angle of 
fWty-flw (hfrr cco to tK^ loog axis to the ttave eetaUished 
Otfcwo— «xlenial audittMry cwnaL aod the nsastoid process 
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proper is represented by a small superficial tetelike pro- 
jection dowuward, partially concealing the digastric fossa 
(Fig. 4). 

Anteriorly to the tymi>auic cavity, and separated from 
it by a firm cortical wall in both the child and the adult, 
lies the internal carotid artery ; and posteriorly to 
the mastoid extension of the tympanum, likewise sepa- 
rated by a firm cortical wall, lies a large vein, the con- 
tinuation of the internal jugular in the lateral sinus, 
tliese being the two vessels most inijiortant for the con- 
sideration of the aural surgeon in connection with ojjera- 
tion upon the bony enveloi* of the auditory apparatus. 
The cortical wall of the carotid canal is perforated by an 
opening, or openings, of inconstant location, for the pas- 
sage of branches supjilying mainly the lining membrane 
of the ei)itj'mjianum and ui>per portion of the nieinhraua 
tympani, while a mastoiil emissary vein, or veins of 
ecjually variable location, connect with the sinus. 

While the soft tissues of the tJ^npanum remain virtu- 
the same in the adult as in the child, except as regards 
their lessening vascularity, the external auditory canal 
changes both in its contour and in its constituency. At 
first, in the infant, a merely membranous canal with lax 
and sometimes aiijiosing walls, and perforated with trans- 
verse fissures lightly clothed by fibrous tissue, it becomes, 
in the adult, in its inner portion bony, while the outer 
and now more distinctly cartilaginous portion l>ecomes 
more finn, and its transverse fissures smaller and more 
completely bridgtnl by fibrous tissue. In its general direc- 
tion, in the adult, the canal trends, in its outer or car- 
tilaginous jiorfion. inward, downward, and forward, the 
junction between the two }>ortions Ijinng formed by fibrous 
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tissue and a |jeriehondrium continuous with the periosteal 
lining. At its outer end the cartilaginous tube extends 
into the pinna, which only partially represents the con- 
tour of the auricle as a wbole^ the remainder being made 
up by reduplication of the enveloping skin with inter- 
mediate layers of fibrous and fatty tissue, as is most dis- 
tinctly seen in the lobule. 

Soft Tissues. — Aside from its basal tissues, the struc- 
tures connected with the auricle which may be of impor- 
tance surgically are its extensive muscles of sujiport and 
attachment, the attolens, attrahens, and retrabens 
auren, its intrinsic muscles belicis inajor and minor, 
tragicus and antitragi cus, virtually rudimentary, but 
which may jilay a distorting imrt in the repair of wounds 
or other injuries of the auricle and its bhiod supply, 
mainly from tlie anterior auricular branch of the temporal 
arterj-, with a branch along the sui>erior wall of the exter- 
nal auditory canal, and the posterior auricular branch of 
the occipital artery with their auricular anastomosis. 

The skin covering the elastic layer of the auricle is 
firmly attached by fibrous tissue to the ijcrichondrium on 
the lateral extenial surface, and is wanting in fatty tis- 
sue. On the inner medial surface the skin is movable, the 
epidermis thicker, with a subcutaneous fatty layer, and 
increasingly beset, toward and into the meatus, with hair, 
sudoriparous, sebaceous, and ceruniinous glands, which do 
not extend, however, inward much beyond the outer third 
of the canal; from the point of their cessation the skin 
becomes progressively thinner and more closely attached 
to the periosteal lining of the canal, until finally, as a layer 
of permanent e]iitbclium, it forms the outer or dermoid 
coat of the membrana tjmpani. 
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Tympanic Membrane.— Tliis composite membrane con- 
stituting the boundary between the outer and middle ear, 
so called, consists of a membrana propria formed of 
two layers of fibrous tissue. The general direction of the 
fibers ill the outer layer is more unifonn tban that in tbe 
inner layer, in which the fibers are massed just within 
the i)eriphery of tbe membrane, constituting, with tbe 
outer fibrous layer, a vibrating membrane increasing in 
tliickness from the center toward the periphery, but thin 
immediately within the periphery, where the expansion of 
tlie radiating fibers is firmly inserted in the irregular sul- 
cus of the tympanic ring (Plate B). 

The inner coat of the meml)rana tyropani resembles 
the outer coat, in that it is tlie continuation of a lining 
membrane, likewise reduced to a jiavement epithelium, 
where it is reflected upon the membrane, the mucous lining 
of the tympanic cavity. 

As the resxilt of its structure and its attachments, this 
membrane, instead of a plane surface, presents one de- 
]iressed at its center, and variably convex from tlie center 
to tlie periijbery, the greatest convexity being in tlic ante- 
rior and interior segment, and the least in the posterior 
segment, where the two fibrous layers are supplemented 
by a third delicate dendritic fibrous layer of variable ex- 
tent. The position of tbe membrane, as a whole, to the 
long axis of tlie osseous portion of the external auditory 
canal, is such that it forms an acute angle with the ante- 
rior and inferior canal walls, and an obtuse angle with 
the posterior and superior walls. 

Above this membrane, properly called the membrana 
vibrans, because of its function in the reception and 
transmission of sound waves, to which it sympathetically 
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responds because of its form and structare, in a much 
wider range of tone than would be possible if it wem a 
plane membrane, there is situated a thin membrane fomied 
by a continuation of the denuoid and mueous layers of 
the membrana vibrans with little or no interposed fibrous 
tissue. This membrane, the pars flaccida, is bouuded 
by the anterior and posterior stria> of the short iirocess 
of the malleus, and by the process itself, laterally by the 
ends of the incomplete annulus tympanicus, and supe- 
riorly by the outward projection of the outer plate of the 
squamous portion of the temporal bone. The membrane 
is noniially imperforate, and forms the outennost bound- 
ary of the ineisura epitym]>anica, as does the membrana 
vibrans of the tympanic cavity. 

Ossicles. — The first bone of the ossicle chain, the 
malleus, is inserted by its long process between the 
layers of the membrana vibrans (Fig. 5) in such manner 
as to give a moderate freedom of motion in its relation to 
that mi'inbrane both laterally and vertically, by turning 
upon its long axis. These two movements are capable of 
being conjointly executed, but the greatest freedom of 
movement laterally is that which carries the short process 
of the malleus forward; vertically it is that which carries 
the long jjrocess of the malleus inward and upward, and 
projects the short process downward and outward, both 
of these directions of movements lietng executed, in their 
greatest degree, under the traction of the tensor tympani 
muscle, which is attached to a small bony ])rojection on 
the inner surface of the malleus just below the upjier 
limit of the long process and slightly anterior to its 
median line. 

The bead of the malleus, united to the long and short 
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processes by a sliort nec-k, is ovoid in shape, with excep- 
tion of its posterior asiiect, wliicU presents two obtuse- 
angled facets for articulation, with corresponding facets 
on the anterior face of the body of the incus, and a bony 
projection, or lip, below the facets, which favors closer 
interlocking of the joints, so that a major contraction of 
tlie inner tymi»anic muscles brings it into contact with the 
lower border of the facetal face of the incus. 



ing ^('l&lioll^1lIi|l of t yiupaiuiin to cprebtllutn, Higmoid ainua, anU particularly 
the dunil layer s^'pivratiiig it from the oercbrura. 



The incus, articulating posteriorly with the malleus 
by a true joint, coini>rising cartilage, a cartilaginous me- 
niscus, synovial membrane, and a cai)sular ligament, is 
placed with the long axis of its body at right angles to 
tlie long axis of the bead of the malleus, the body teniii- 
nating posteriorly in a conical extension attached by a 
fan-8hape<l ligament radiating from the apex of the bone 
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to the walls of the niche in the posterior portion of the 
outer epitympanic wall. From the anterior portion of the 
body of the incus its long process extends downward, 
very nearly parallel to the long process of the raalleus, 
teimiiiating in a narrow neck very nearly at a right angle 
to the long axis of the process, and enlarging into an 
ovoid expansion for articulation, hemg also a true joint 
in its ]>ossession of cartilage, synovial membrane, and 
ligamentous envl ronment. 

The stapes consists of a head with a shallow depres- 
sion for articulation, two crura lying very nearly in a 
horizontal plane and terminating within the limit, antero- 
posteriorly, of a renifonn base plate, placed with its long 
axis very nearly horizontal and its convex border ujiper- 
niost with the margin of the oval window, to which it is 
attached by the double layer of fibrous tissue constituting 
the basal membrane of the oval window under conditions 
I>erraitting a greater freedom of motion anteriorly than 
posteriorly. The base jilate of the stapes is covered on 
its inner surface by a thin cartilage, which, with the annu- 
lar cartilage of the oval window and intermediate synovial 
membrane, atTord, in this final articulation of the ossicu- 
lar chain, also the histological characteristics of a true 
joint 

Attached to the posterior surface of the head of the 
8ta|>cs, and partly to the capsular ligaments of the joint, 
with occasional fibers extending into the tip of the descend- 
ing jirocess of the incus, is the tendon of the stai>edial 
nmsc'le emerging froin the tip of the posteriorly situated 
cone-shaped cavity, eminentia stapedia, which lodges the 
lielly of the muscle, a cavity usually separated from the 
nerviduct of the facial, toward which it curves posteriorly. 
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by the distinct bony lamella of the eortieal oanal wall, 
though at this jtoint there is in some cases a dehiscence 
of bone (Fig. 6). 

Examination of the ossicles on section shows them to 
]ye fonned of firm cortical bone of varying degrees of 
thickness, the intennediate space Ijeing filled by bone of 
lesser density permeated by jnterconntiunicating medul- 
lary canals. These canals arc larger an*! more numerous 



Fio, S^—lntt^mai wall of tympanum, tlip Fallopian omial anJ vestibule opemxl. 



in the more expanded parts of the ossicles, the head of 
the malleus, body of the incus, tlie bases of their proc- 
esses, and the expansion of the long process of the mal- 
leus, than where the cortical walls more nearly approxi- 
mate. In the head of the stapes they enlarge into one 
or more distinct cavities. 

The periosteal covering of the ossicles being intimately 
eonnected with the superimposed sulmiucous lining of the 
tympanic cavity, the vulnerability of tlie medullary struc- 
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ture to a ueerotic iirocess incident to septic infective in- 
flannnation in tiie tymiianum is greatest where the corti- 
cal wall is tliin and the medullary ehaiiuels more nearly 
approach the surface, these ])oints l>eing the articulating 
facets of the malleus and incus, the lower portion of the 
long process of the malleus, which has on its outer sur- 
face and inclosing its tips a cartilaginous covering, the 
ajiex of the short process of the incus and the head of 
the stapes; the cnira are more resistant to a necrotic 
process, because of the thickness of their cortical walls 
and the small amount of intercortical medullary structure. 
The principal attachments of the ossicles are the anterior 
ligaments of the malleus, inserted about the remnantal 
base of the processus gracilis, its cells a sun'ival of the 
anterior mandibular process of the embryonic cartilage; 
the capsular ligament of the malleoincudal articulation; 
the posterior fan-shaiied ligament of the incus; the sus- 
pensory ligament of the malleus and incus, varyingly con- 
stant in degree and function; the external ligament of the 
malleiis, bounded superiorly by that portion of the epi- 
tympanie sjiace, above the shoi-t process of the malleus, 
which is inclosed inferiorly and externally by the pars 
flaccida; and various ligamentous stria? situated especially 
between the two major ossicles and the contiguous outer 
epitympanic walls. In addition, there are in varying 
degree and location, but more especially in the plane sepa- 
rating the tympanic from the epitJ^^lpa^ic si>ace, redu- 
plications of mucous membrane, frequently with fibrous 
lamination, the division of which also may have to be 
considered in operations for removal of the ossicles, it 
being advisable to free these bones as completely as pos- 
sible from their attachment to the bony tympanic walls, 
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or to the tympanic membrane, before effecting their re- 
moval. 

In all operations within the tympanum, and similarly 
within the mastoid, the contour of the inclosing walls and 
the significance of the structures beyond them should be 
kept constantly in mind; a distinct mental picture of con- 
tour and of relationship being more important to the aural 
surgeon than the mental enumeration of distances between 
given points, and the possession of a con- 
cept of normal configuration the best basis 
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from which to contemplate the sequence of possible anom- 
aly (Fig. 7). To be able to get into the tympanum or 
mastoid and view its walls from within is a valuable atti- 
tude from which to approach the details of an operation. 
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Fully one third of the tympanic space lies above the 
limit of the superior jjeriphery of the membrana vibrans, 
this estimate not ineludiag the extension forward into the 
tjTupanic end of the t}anpanopharyngeal tube and back- 
ward into the t\Tii])anic antrum. Because of the varying 
size of the extension and the flattening or arching of the 
tegmen tynipani, the dimensions of the epitympanic space 
are more variable than tlie contour of tiie more constant 
space below it would indicate. In the ease of intratyra- 
panic operation in suppurative diseases this fact empha- 
sizes the importance of careful tactile examination of the 
epit\'mi>aDic walls, when access thereto has been accorded 
by spontaneous or operative evulsion of the major part 
of the ossicular chain, and, if necessary, the removal of 
the outer epitjTn panic wall at the point opposite the de- 
pression for lodgment of the body of the incus, where the 
bone is thin. 

Viewed from witliin, the inner tympanh wall jiresents 
a prominence curving sbaridy backward into the anterior 
wall of the niche of the oval window and to the anterior 
border of the bony ring surrounding the round window; 
within this jirojection is lodged a portion of the first 
whorl of the cochlea and the anterior portion of the ves- 
tibule, and it presents the most accessible point for open- 
ings of the labyrinth in cases of suppuration within that 
cavity. Downward from the promontory the inner wall 
curves sharply inward, more completely defining that pro- 
jection called the promontory, and then downward and 
outward to form the tympanic floor, beset by bony tra- 
beculiT, which run mainly from within outward and fur- 
nish a ready VTilnerable seat for limited necrotic processes. 
Upward, the inner wall, in its anterior portion, bends 
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sharply outward in tlic bony plate, above whicb is lodged 
the belly of tlie tensor tjqiipani muscle, while in its pos- 
terior portion its trend is upward and backward, to merge 
into the epitjTupanic roof and form the inner wall of the 
tyrapauic antrum. The anterior wall, more moderately 
beset with traV>eeula», curves moderately upward into the 
tyuipanie flare uf the tympanopharyngeal tube. The pos- 
terior wall, also beset with trabeculis in its lower portion, 
and presenting the later irregularities of contour because 
of the projection fomard into the tympanum of the emi- 
nentia stapedii, and tlie extension backward from the tym- 
panum of variable ]meumatic prolongations, curves up- 
ward and then backward, to merge into the floor of the 
tympanic antrum. 

The outer e|)itympanic wall, above the superior periph- 
ery of the membrana vibrans, i>resents a smooth, slightly 
concave surface, in the lower portion of which are lodged 
the head of the malleus and body of the incus, the upper 
jiortion curving inward to join the tegmen tympajii supe- 
rior, and posteriorly to join the inner wall of the tym- 
jianic antiTira, below which the concaved surface dips into 
the recess for lodgment of the tip of the body of the incus, 
a depression extending posteriorly toward the mastoid in 
varying degree, and capable of affording lodgment to 
-septic products of an intratympanic inflammation. 

MASTOID 

The third of the cavities of the temporal bone bespeak- 
ing surgical attention is the last to attain complete devel- 
opment; its extension from a pneumatic projection of the 
tympanic antium backward, in the infant, to its comple- 
tion as the largest and most superficial of the three primal 
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cavities of the chronosteon, covering a period between 
birth and the temiination of primary adolescence, and 
being marked by progressive changes in the contour, rela- 
tionshiji, and the bony structure of the mastoid. 

Sections of the tjTn]»anum and post- tympanal bone, 
made successionally at different ages in the infant, show 
first an expansion of the post-tympanal bone outward on 
the posterior superior periphery of the annulus tj'mpani- 
cus, the space within being devoted to the enlargement, 
outward and backward, of the tympanic antrum, or its 
continuation in jmeumatic cells, which still further extend, 
coincidently with the expansions of the mastoid cortical 
wall, by tlie building up of bony trabeculse or the more 
extensive cell walls, about which the diploe forms by a 
similar intermediate process of expansion. The bony tis- 
sue sejia rating and surrounding the pneumatic and dip- 
loetic cells is, in the infant, very vascular, soft, friable, 
protected by the corresponding vascularity of its sur- 
rounding soft tissues, hut, when once invaded by a septic 
process, little able to withstand or to limit it; the fretpieuoy 
of post-aural abscess and of progressive interlamellar 
osteomyelitis of the post-tympanal bone and squama, as a 
sequence of suppuration within the middle ear in the 
infant, being accounted for by the loose relationship of 
the individual bony jtarts, later joined by cortical exten- 
sion and the nascent condition of the bone itself. 

At or soon after Oie tennination of the infantile period, 
the interior of the mastoid process is developed, so far as 
the proportion of its integral parts is concerned, and the 
type, like the type of the cranial bones proper and of the 
cranium as a whole, is established. From this period of 
life onward to the end of primary adoleseeuee the mas- 
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toid process enlarges by expansion, mainly outward and 
downward; its outer cortical surface either becomes more 
rounded, or extends farther backward, covering poste- 
riorly situated pneumatic cells, and the mastoid tip, sorae- 
times prineiiially di{iloetic in its contents, but oftener 
comprising a continuation of the pneumatic cells, projects 
sufficiently below the digastric fossa to afford a consider- 
able surface for the attachment of the tendon of the inner- 
most segment of the sternocleidomastoid muscle. 

While the progressive developmental changes in the 
mastoid cavity and its cortical walls present a certain 
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Fia. 8. — Exlrptno type of pnpuraatic maBloid. Section showinB inner wall of 
tyiii|ittmiin und initruin, 
(Drawn frotn ■pecimena in the VVistar Inntltute of Analomy.) 

definable sequence, a comparison of the develojied mas- 
toid in different adult individuals (Fig. 8) shows such 
differences in contour and in structure as to justify the 
assertion that there is no one bony structure in the human 
liody which presents so many delations, both in its inclos- 
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ing walls and iu its interior, from an arbitrary statuianl 
type, as does tlie noniial mastoid process of the temporal 
bone (Fig. 9) ; and when its Juxtaposition to the cnniia! 
cavit)" is considered, there is none in which tliese varia- 
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Fla, 0. — Section tlirougli an elongated, pneimuitie mastoid. 
(Drawn Irota upecloieus In the WliKar ItisUtute of Anatomy.) 

tiona may have so important a bearing njion the welfare 
of the individual in the event of its liecoming the seat of 
a morbid process. 

The onter surface of the mastoid, for instance, may be 
flattened or rounded in its contour; it may be bounded 
interiorly by a well-marltetl digastric fossa, or may merge 
its outline, with only a shallow dei»ression, into the sur- 
face of the posterior articulating portion of the temporal 
bone. On its anterior surface it may either boldly define 
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the posterior wall of the external auditory canal, or may 
trend toward it in a gradual incline at an angle of forty- 
five degrees from tlie median vertical line of the mastoid 
protuberance. In like measure the thickness of the corti- 
cal wall is subject to very considerable variations, both as 
to degree and location {Fig. 10). The outer wall may be 
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Fio. 10, — Outer walls of antrum and tympanum. 

in places as thin as ordinary writing paper, or so thick 
throughout as to occupy one third of the horizontal depth 
of the cavity; it may firm and compact, or permeated 
by numerous small openings for the passage of vessels, 
and the regions of the tip of the mastoid, and of the 
digastric fossa, are liable to present many variations in 
thickness within a very circumscribed area, the bone at 
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this portion of the mastoid beiBg often so thin as to tie 
almost transparent in limited areas, and for small spaces 
even entirely wanting. The same mnltijiHeity of varia- 
tions as to the contour of the bone, its density and thick- 
ness, is found on examination of the inner walls separat- 
ing the mastoid from the cranial cavity; the sinns may 
encroach boldly upon the space othenvise oecnpied by the 
mastoifj cells; it may be shallow and situated posteriorly, 
or well-defined and curving sharply forward, in its upper 
portion, toward the mastoid antrum; and small and cir- 
cumscribed areas of thin bone, or even of lacunae, may bo 
found here, as well as upon the outer surface. 

With such variations, the establishment of any general 
lule as to eorresi)ondence in contour lietween the inner 
and the outer mastoid walls, and differences in thickness 
in the cortical bone, is practically impossible, though it 
may be generally accepted as an axiom that where the 
outer presenting wall normally is thick, thin hone will be 
found at the mastoid tip and in the digastric fossa. 

The question of symmetry in the two mastoid proc- 
esses in an individual is sometimes of imjtortance, where 
one mastoid is diseased, but the general rule of symmetri- 
cal develoi»ment is supported by the fact that marked 
asymmetrj* of the two mastoid processes occurs, on the 
average, in less than four i>er cent.' 

In the event of disease of one mastoid, with consider- 
able swelling of the superincumbent soft tissues, a super- 

> Of 300 crania cTamined with reference to this point, 10, or three and 
one (hirfl per pent, had niiirkedly asyniini'tric mastoid proMwaes. When the 
mtisloid process wfus small, or thf diKawtric t(x<t<a deep, the liitcral sinus was 
fcep, antJ curve*] sharply toward the antrum in eighty-two per cent of the 
ihuiia. Of the total of 300 crunia examined, 62, or twenty-two per cent, had 
niter a miftll mastoid or deep digaatrie fossa with deep lateral sinus. 



fieial tactile examination of the correspondLng bone of the 
other side may, in view of this observed fact, afford in- 
formation with reference to the conduct of a surgical pro- 
cedure upon the affected side. 

The variations in contour of tlie outer walls of the 
adult nonnal mastoid are quite equaled in diversity by the 
(Hfferences in size, shape, and arrangement of the sub- 
divisions of the contained space, and, in addition, by the 
relations of this mastoid space to the mastoid antrum and 
middle ear. 

At its upper and {wsterior portion the tympanic cav- 
ity extends backward, in the aditus ad antrum mas- 
toidenm, the curve, still backward and slightly outward 
in the mastoid antrum, representing, in the newborn 
infant, with the addition of a few cellular spaces sui)prior- 
jiosteriorly, the beginning of the mastoid cavity, later 
developing downward and outward and forming a sup- 
plementary portion of the [losterior wall of the external 
auditoi-y canal. During the first twelve months after birth 
the cellular formation proceeds, esjiecially in the upper 
and outer portions of what is to be the base of the inverted 
pyramid of the mastoid proper, and after this period the 
development and proliferation, as it were, of the ceWs, 
downward and outward ]>rogresses, with a greater degree 
of difference in rapidity, in extent, aud in the relationships 
of the cell than is found in the development of the outer 
cortical portions of the mastoid. 

The mastoid process does not consist entirely of pneu- 
matic cells continuous from the antrum, but frequently in 
part, and occasionally wholly, of diploetic substance, the 
jmeuniatic cells in the latter instance being few in num- 
ber and confined to the neighborhood of the antrum. In 
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child and the edult continued Lato the mastoid cells as a 
highly vascular, nonciliated pavement epithelium, serving, 
in both the pneumatic and diploetic spaces, the double 
purpose of lining membrane and periosteum. 

In the mastoid antrum of both the child and the adult 
this membrane is thicker and more vascular than in other 
portions of the mastoid, affording, with the reduplications 
and stria? here found crossing the lumen of the opening 
bi^yond the aditus, a means for the closure of the mastoid 
from the tympanic cavity, under conditions of sudden or 
prolonged congestion. 

Another normal condition of the soft tissues in the 
upper portion of the tymi)aDic cavity which may play an 
imiiortaut jiart in mastoid disease is the occurrence, in 
about eighty ^)er cent of all human temporal bones, of 
reduplications of the lining mucous membrane 
situated in the horizontal plane, often in two or three 
strata, the lowest seldom or never below the tendon of 
the tensor t\Tiipani, and the highest not much above the 
ujiper border of the head of the malleus. These horizon- 
tal folds, or reduplications, are usually firmer and more 
complete in the i)Osterior portion of the tjTiipanum, and 
serve, by shutting off the lower portion of that cavity, to 
make the upper portion practically a tympanic supple- 
ment to the aditus ad antrum mastoideum. Practically, 
also, both these folds and the vascular lining of the antrum 
may play an important part in the event of mastoid im- 
plication requiring operation, in reference to questions of 
local phlebotomy and subsequent drainage. 
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ASEPTIC TECHXIQUE 

SuBGTCAL snocem to-day probably depends more 
erally ujion the employment of strict aseptic and antiseptic 
methods than npou the skill of the ojwrator. This can be 
said tmly without for a moment underestimating the value 
of that rare faculty sometimes called surgical sense, of 
that clear judgment which seems to guide its possessor 
with the rapidity of intuition in determining when to oi>er- 
ate and when to abstain, or the importance of that tlior- 
ougli knowledge of surgical measures which enables one 
to select promj>tly the particoilar oiieration best adapted 
to any given condition. Nor does it mean that the un- 
skilled operator will, simply by the aid of antiseptic pre- 
cautions, achieve better results than his skilled brother 
who makes use of the same assistance. Given the choice 
between two operators, however, the one possessing pos- 
sibly a lesser degree of skill but a higher regard for abso- 
lute surgical cleanliness than the other, and it may safely 
be said that the clean man will prove to be the safer 
surgeon. 

An important lesson is contained in this for the sur- 
geon piactii'ing in a special and limited field. However 
ncx-urate and conijilcte his knowledge of the minute anat- 
omy of the organ or region with which he has to deal, 
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however skillful he may be in the maiiiimlatiou of instru- 
ments especially devised for his art, if he ignores the sim- 
ple rules of aseptic preparation, or neglects the equally 
plain antiseptic precautions, he will occasionally have 
cause to regret his lack of care. It has long been a stand- 
ing reproach to the siiecial surgeon that bis technique fell 
short of tliat commonly employed by the general surgeon ; 
and while the aspersion has not been entirely merited and 
the degree of bis shortcoming has often been unfairly 
exaggerated, it has resulted in a retardation of clinical 
progress along special surgical lines. 

The otologist, with more intimate knowledge of ana- 
tomical relations and of the physiological importance of 
the various parts of the organ of hearing, together with 
a more comprehensive understanding of the modes of 
transmission of disease from the ear to neighboring struc- 
tures, than is possessed by the general surgeon, has a 
decided advantage, and should intelligently ei^uip himself 
to perform operations for the relief of conditions wiiich 
have their origin in aural affections. Hence he should be 
able not only to work within the limited confines of the 
middle ear or to enter the broader field of mastoid sur- 
gery, but he should be competently prepared to enter the 
cerebral cavity in search of a brain abscess or other lesion 
resulting from otitic disease. 

The three cardinal i)rinciitles requisite to success in 
this work are: (1) A preliminary general medical and sur- 
gical training, supplemented by a broad knowledge of 
otology; (2) the skill which can be acquired only by fa- 
miliarity- with delicate manipulation, sustained by thor- 
ough painstaking practice; and (3) faithful, conscientious 
adherence to the laws of aseptic surgery. 
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Aseptic surgery meaus the production and main- 
tenance of an operation wound free from infection by 
pathogenic germs. Tbis requires disinfection of the field 
of operation, and then continuance of the aseptic condi- 
tion during subsequent treatment — an end which can ordi- 
narily, with due care and precaution, be attained. That 
absolute disinfection of the skin is a condition approach- 
ing the impossible was shown long ago, when Prof. \V. H. 
Welch * demonstrated the noiTnal presence of the Stapb- 
ylocoecua epideniiidis albus in the skin and the hair 
follicles at such depth as to escape the effect of chemical 
disinfection of the superficial layers. Others have proven 
since tliat the skin is the common habitat of several dif- 
ferent organisms. Under ordinary circumstances these 
are not pathogenic, however, and their presence in a 
wound in small numbers does not necessarily interfere 
with healing. Nevertheless, efforts at complete steriliza- 
tion should not be relaxed, and until thoroughly cleansed, 
the skin of both patient and surgeon nmst be considered 
to be infectious. Wliile many other factors besides the 
mere presence of pathogenic organisms enter into a projier 
consideration of tlie production of sepsis, we need only 
consider here the usual channels by which germs gain an 
entrance to wounds, and the best methods adapted to 
prevent such access. This calls for attention to the 
surgical cleanliness of the part to be treated, of the 
surgeon's hands and those of bis assistants, of the in- 
struments, surgical dressings, and aU objects likely to 
come in contact with or in close proximity to the site 
of operation. 



'"Conditions Underlying the Infection of Wounds." Trant. Cmg. 
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Antisepsis. — This tenii includes all tlie measures 
which may be employed to destroy or render inert any 
pathogenic organisms or their poisonous products. The 
agent most generally used, and whicli possesses the widest 
range of applicability, is heat. Cliemical disinfectants 
have but a limited degree of usefulness because of their 
corrosive action. Disinfecting gases, such as formalde- 
hyde, used with proper care and under suitable circum- 
stances, possess certain advantages over all other means; 
especially is this true of the sterilization of instruments, 
which are easily damaged by corrosive chemicals or by 
extreme heat in whatever form applied. It should not be 
forgotten either that mechanical cleanliness is a most im- 
portant, if indeed it is not the most impoiiaut, part of 
any method of disinfection, and that the free use of the 
scrub brush witli alkaline soap and hot water on any 
object should precede the emidoyment of other means of 
sterilization. 

The medicinal and surgical measures to lie taken to 
oppose sepsis when established in the individual are con- 
sidered in another chapter. 

STERILIZATION OF INSTRUMENTB 

Heat exerts a decidedly injurious effect upon alt sharp- 
edged instruments, and this fact has led to numerous 
efforts to establish some more satisfactory means of ster- 
ilizing them, some means which, while certain to destroy 
all septic organisms, would not at the same time destroy 
the cutting edge. Immersion of instruments in alcohol has 
been widely used as a substitute for exposure to heat, but 
experimental evidence proves it to be inefficient. Infected 
instruments have been submerged in absolute alcohol for 
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ratua made in accordance with the following description 
serves very well. It consists of a copper box 7 X 12 X 12 
inches, with an air space of a little more than 1,000 cubic 
inches. The shelves are made of heavy wide-niesiied wire 
gauze, the upper slielf extending entirely across the cham- 
ber, while the two lower shelves are only 8 inches long, ex- 
tending from the right side to an upright standard 4 
inches from the left wall, thus leaving a space 4 inches 
wide by 8 inches high which is reserved for the alcohol 
lamp used in vaporizing the pastils. The lamp should 
be lighted and placed in its compartment first, and the 
instruments then laid on the shelves, or arranged on an 
instrument rack or in a suitable tray, and the whole jilaced 
in the box. Lastly, the paraform tablet (5-grain size is 
sufficient) should be crushed between the fingers and 
drojiped into the cup over the flame, and the door of the 
chamber tightly closed. The early lighting of the lamp 
heats the cuji thoroughly, and when the jiaraform is intro- 
duced vaporization begins at once. In ten minutes the 
door may be opened and the inHtruiiieiits removed sterile. 
The flame will have exi»ired for want of oxygen in less 
than ten minutes, but it burns long enough to secure com- 
jilete vaporization of the pastil — all that is refjuired of it, 
the trifling amount of heat thrown out playing absolutely 
no part in the process of sterilization. 

Naturally the question arises whether the amount of 
gas adhering to the instruments may not be injurious to 
tlie tissues. There is no visible sublimate on the blade, 
and while it is theoretically possible that such a deposit is 
present, it has been shown by experimental tests to be inert. 

The use of dry heat for the sterilization of instru- 
ments is impracticable, because of the very high tempera- 
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itirti mjuirMl for effectiveness, and becniae hot air, fike 
tH*!Ui$i, in injurious to instruments. 

IAv« steam is thoroughly destructive of all mkaro- 
ffrg^ii'miiM, and a variety of sterilizers rendering its use 
ffftuiimhUt for almost all disinfecting pmrpoaea^ and for 
«n iUtum and plaras, are now obtainable. 

'i'lut tiudluul most commonly employed for the sAeril- 
i'/Miou of itiNtrutnents, however, is the process of boiliQg 
iti mAh, mt\ iition. I nstruments should be boiled for at least 
fiftt ut'mtUm, II on«-i>cr-cent solution of carbonate of soda 
Muti tm'i\ in |)ri!f»rence to plain water, since flie alkali 
iifinU Ut |>r«v('nt rusting, and hastens the destruction of 
^itwii^r'tH Uy its Holvont action upon their capsules. 

AfU'f ri'rrioviil from the sterilizer the instruments 
nhoiM pinci'd in n Hi(>rile tray and kept dry, or the radc 
'iff'/it wU'u'li llicy n>Hi(>(l in the sterilizer lifted out with 
*in in iiwl iUf wiiolit ciirritHl to the instrument table. Some 
oi^'-mttiif. pn'fcr lo Iinv4> ilioir instruments immersed in 
131, <ii-i'|/ti<' nr iintiH(>|)iic. Holution during the operation 
iit ti'A, (Kill for IIiIh piirpoHc nothing is better than simple 
fh-iili- v/uior, hU'I'Wv Hoda Holution, or a weak solution of 
'■itiii'ilii' It K«M>H willumt Haying that whatever trays 

or liif.itirf. nifiy Im* iihc<I in iliis way must have been first 
tiiiiioiti/\i\y cli'iuiHiul nn<l diHinfccted. They may be of 
f/.Utf.f., fniiffUiin lined or agate ware, the first making the 
iifi-.l H|»pMiniri<'c liiif. llic latter Iwing the most serviceable. 
Ill flie tnirihlVr (if insl nniiciits from the sterilizer to the 
operator, <-nn: /iinsl, he taken to avoid any chance of their 
U-eoiiiing inf'e<-t«'d. When the instnnnents to be boiled 
have lM'<'n wrapped in a elotli or a towel, the bundle should 
1m; hound witli a strip of taj)e or jranze long enough to 
leave j»rojeeting from the sterilizer an end by which it 
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timy be seized and carried to the instrument table with- 
out touching the buudle, the unwrapping of the instru- 
ments and tlieir disposition being left to the surgeon or 
his sterilely prejiared assistant. The nurse or assistant 
intrusted with their preparation should, after seeing to the 
proper arrangement of the receiving vessels, cleause and 
disinfect the hands as carefully as though preparing to 
perfoiTU the ojieration, before attempting to remove the 
instniments. The person who is to have charge of the 
instruments during the operation should be e(iually clean, 
and should be constantly watchful, before and during the 
operation, of every instrument, so that the moment one is 
obsen'ed to come in contact with any object not known 
to be sterile (other than the operation wound) it may be 
at once returned to the sterilizer and disinfected Ijefore 
t>eing again placed at the service of the surgeon. After 
the operation, every instrument used should be carefully 
scrubbed in hot water, to remove all particles of dried 
blood or infectious secretions, and thoroughly dried be- 
fore being iiut away. If the o|)eration bas been one of 
a markedly septic type, so that the instruments are likely 
to have become dangerously contaminated, they should, in 
addition to this mechanical cleansing, be again sterilized. 

PREPARATION OF DRESSINGS 

Steam sterilization is the only thing to be recommended 
here for general work. Wiere only a small quantity of 
loosely rolled material is to be sterilized, the formalin 
apparatus may be employed; but since the penetrating 
power of this gas is not yet definitely and absolutely de- 
teniiined, it should not be trusted where large or dense 
packages are to be rendered sterile. With the use of 
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steam, what is known as the fractional method should be 
followed ; i. e., after subjection to steam for one hour the 
process should be stopped for twentj'-four hours, and 
then repeated for half an hour on each of the next two 
days. 

A supply sufficient to last several days, or even weeks, 
may be sterilized at one time aud kept in stock. In this 
event the material should l)e divided into a number of 
small packages, so that just so much, or little, as may be 
desired at one time may be taken without fear of con- 
taminating the whole; not more tlian two or three towels 
wrapi)ed together; cotton in small ]>ortions; from two to 
a dozen gauze s|ionges or pads of ditTerent sizes; and 
single bandages; all of which may be wrapped in linen 
or gauze and sterilized, and tlien later inclosed in a wrap- 
jiing of waxed paper, if it is intended to preserve them 
sterile for any length of time. All can Ix? kept in suitable 
glass jars, and the nurse, when producing a ]>ackage, un- 
pins tile cover, tunis back the folded flajia, and, without 
touching the contents, holds it for the surgeon to take 
from it wliat is needed. 

Gauze is not only the best form of dressing for most 
major surgical work, but makes the best jiossible sponges 
for use during operation. A moderately fine-ineslied 
cheese cloth of soft texture, about No. 6, is best. For 
dressing jtads it can be cut in strips measuring 5 X 32 
inches, and folded into rectangular blocks of 2^ X 4 
inches. A convenient size for sponges is 1^ X 1^ inches, 
and these can be made by cutting strips 6 X 6, folding 
twice and then tucking in the ends. 

Iodoform Gauze.— A satisfactor>' working fornuila for 
the preparation of this gauze, sufficient for a small bos- 
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pital, is as follows: Take six yards of gauze, and aftet 
allowing it to soak in a 1 : 1,(J00 solution of bicbloride for 
twenty-four hours, wring it out dry, with sterile hands, 
and place it for twenty-four hours more in a solution of 
carholic acid 1:500; then make an emulsion of iodofonu, 
glycerine, and alcohol, each three ounces, and carbolic acid 
one dram, and rub into the gauze thoroughly, an opera- 
tion that usually recpiires about two hours of hard labor. 
Tbe Itauds iiuist be sterilized as carefully as for an opera- 
tion before beginning tliis work. 

Bandages. — The common roller bandage can he satis- 
factorily employed in the majority of cases, and may be 
made of gauze, bleached cheese cloth, muslin, or linen, cut 
in stri]js 4 to 8 cm. wide, and rolled. 

Collodion DBEssmo.— When a granulating mastoid is 
nearly healed, with practically no secretion exuding, and 
it is desirable to do away with cumbersome and unsightly 
bandages, a small neat dressing for protection is attained 
by the use of collodion. The skin for some distance from 
the wound should be wiped with gauze soaked in alcohol, 
to remove any of the glanduhu' fatty secretions, a bit of 
gauze laid in or over the wound, this covered with a thin 
layer of sterile absorbent cotton, and the whole fastened 
down by collodion brushed over it, or by laying on as a 
last covering a thin layer of gauze which has l)een soak- 
ing in collodion. It adheres easily to the clean skin, dries 
rapidly, and forms a firm protection, 

PREPARATION OF LIGATURES AND SUTURES 

The ligature is not much used in aural work, since 
such hemorrhage as is likely to occur may usually be 
easily controlled by simple pressure for a few moments. 
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by temporary clamping witli artery forceps, or by torsion. 
In mastoid surgery, bowever, ligatures sbould always be 
at hand. The posterior auricular arteiy, when encoun- 
tered, sometimes requires tying, and it may be imexpect- 
edly necessary to invade the neck and I i gate the internal 
jugular vein. In the choice of material catgut holds first 
place, so far as its absorbability into the tissues is con- 
cenied. Surgeon's silk is not absorbed, but it readily 
becomes encysted in a cleau wound, and possesses the 
advantage of being more easily prepared and maintained 
ill an aseptic condition than catgut. It can be obtained of 
any desired size, and may be sterilized at the same time 
as the instruments, just prior to the operation in which 
it is to be used, but a somewhat longer period of boiling 
—say ten minutes — is essential to insure complete ster- 
ilization. The long, tedious, and uncertain methods em- 
]>loyed to sterilize absorbable animal ligatures have always 
militated against the use of these othei-wise valuable ma- 
terials in surgerj'. It is possible now to secure catgut, 
silk, silkworm gut, and kangaroo tendon, of varying sizes, 
properly prepared by reliable manufacturers, and wrajiped 
in aseptic, convenient packages. If preferable to have it 
prepared under personal supervision, as may be the case 
in hospital work, the method known as Hofmeister's is 
one of the best. 

1. The catgut is wound on a glass plate with slightly 
projecting edges, so tliat the gut is free from the sides 
of the plate and exposed to the circulation of the boiling 
water. The ends of the gut are fastened through holes in 
the iilate. 

2. Immersion for from twelve to twenty-four hours in 
an aqueous solution of formalin, two to four per cent- 
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3. Immersion in warm water, to free tlie gut from the 
formalin. 

4. Boiling in water from ten to thirty minutes, to de- 
stroy microbes. 

5. Hardening and preservation in absolute alcohol con- 
taining five \)er cent of glycerine and one per cent of 
corrosive sublimate. 

In this method the ordinary commercial catgut is sub- 
jected to the action of formalin without any previous 
jirejiaratory treatment, and experiments have shown that 
a chemical change takes place which renders the gut of 
greater tensile strength and permits of its being boiled 
aftei-wards without injury. When wound in suitable 
lengths on glass bobbins, these may be kept sterile for a 
long time in a common ignition tube. 

Silk is most widely used as a suture material, and for 
convenience may be wound on glass bobbins before boil- 
ing. It may be cut in lengths to suit — 12 to 30 inches — 
and needles threaded on each when winding the spool. 

The silver-wire suk-utaneous suture with silver-foil 
dressing is receiving a desei'\'ed indorsement from gen- 
eral surgeons, and has been found very satisfactory in 
mastoid surgery. Wherever it is desirable to aim at union 
by first intention it is esj»ecially valuable. Not only is 
the sterilization of this suture absolutely sure (it can lie 
lioiled with the instruments), but, if used subcutaneously, 
it avoids the main source of suture infection— i. e., passage 
tlirough the epidennis- — and, in addition, it exerts an anti- 
septic effect in the tissues. At the proper time for re- 
moval, too, it is easily and quickly withdrawn without 
any discomfort to the patient. The silver foil for top 
dressing should be cut in strips of 2 X 4 inches, and kept 
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in packages of ten sheets, with tissue paper between. 
These packages are to be sterilized along with the other 
dressings, 

PREPARATION OF OPERATOR AND ASSISTANTS 

The point ref|uiring most care in the preparation for 
any operation is the personal cleanliness of the surgeon 
and of the patient. It is a comparatively simple matter 
now to insure the sterility of instruments and dressings, 
but ]jerson8 cannot be treated to such heroic measures as 
boiling or steaming. Experimental work performed by 
the most eminent investigators has shown that the skin is 
the noiTiial habitat of more than one variety of jiyogenic 
organism, and that perfect sterilization is not possible, or 
at least not practicable. Surface sterilization is the most 
that can be hoped for from the present methods, but that 
can he done so satisfactorily as to reduce the dangers of 
wound infection to a very small point — so small, in fact, 
that if a clean wound becomes infected the surgeon can- 
not claim exemption from blame on this scjore. 

Of all the methods suggested for prejiaring the hands 
the following seems to be the one raost worthy of recom- 
mendation. It is based upon scientific principles, and its 
satisfactorj' working has been practically demonstrated 
by competent observere. 

1. The hands and forearms are vigorously scruUwd 
for ten minutes with a brush, using conmion brown kitchen 
soap or green soap and hot water. Particular attention 
must be given to scrubbing the surfaces between the fin- 
gers, and to the nails, the free ends of which must not Ije 
more than a millimeter in length. The most vigorous 
efforts in washing must be devoted to tlie spaces beneath 
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and about the nails. The water should be as warm as can 
be eoinfui-tably borne, and either coustantly changed with 
fresh water nmniug in, or poured out and changed com- 
pletely four or five times. 

2. The hands, thus mechanically cleaned and softened, 
are uext hnniersed in a hot saturated solution of penuan- 
ganate of potassium until stained a deep mahogany color. 

3. They are then immersed at once in a saturated so- 
lution of oxalic acid, which decolorizes and completely 
sterilizes' them. The oxalic-acid solution should be as 
warm as can conveniently be borne. 

4. The oxalic acid may be removed by rinsing the 
hands in warm water, but it is better for this purjiose to 
keejt a dish of sterilized limewater on hand, which at once 
precipitates the oxalate of lime. 

5. Lastly, the hands should be dipped in a solution 
of hichloride of mercury (1:500), and, by aid of a gauze 
sponge, the forearms bathed with the same for several 
minutes. 

G. In addition to the above preparations many opera- 
tors now liahitually use rubber gloves. 

A second method, which is perhaps equally good, and 
which has certainly grown rapidly in favor during the 
j)ast few years, consists in following the directions given 
in paragraidi No. 1 as to the preliminary cleansing and 
scrubbing and then soaking the hands in alcohol for sev- 
eral minutes; dispensing entirely with the permanganate 
and oxalic-acid solutions and substituting the alcohol treat- 
ment. The effectiveness of alcohol as an agent for the 
surface sterilization of the skin is unquestioned. It has 
been shown experimentally that the quickest disinfection 
that can lie relied upon is scrubbing the hands for five 
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minutes in alooliol. Surface steiilization may be consid- 
ered sufficient when gloves are to be worn, but when pre- 
paring for a prolonged ojjeration without gloves a more 
thorough eflfort to secure steriJity of the deeper layers of 
the skin is desirable, and is afforded by the permanganate 
and oxalip-acid sohitious. 

Opebating Suit. — A complete suit comprises a gown, 
a cap or sterile towel for the head, and gloves. The gown 
should, preferably, be made of linen or crash, plain in 
front, and fastened on the back with buttons or short 
pieces of tape. It should fit closely at the neck, above the 
collar, loosely elsewhere, and have sleeves fastening by 
tape at the elliow or wrist. These gowns can be sterilized 
and kept in stock in the same manner as sterile towels. 
Caps made of the same material should be provided for, 
and worn by, the surgeon to prevent possible contamina- 
tion of the wound by falling hair or dandruff. The em- 
ployment of sterile tliin rubber gloves is certainly to be 
commended, and while the necessity for and the advan- 
tages of it have not been so clearly proven, the tendency 
to complete the operating costume by the wearing of a 
gauze face mask, to reduce the possibility of infection by 
spray from the nose and mouth, is not amiss. 

Nail Brushes. — In hosjiital, as in private office work, 
it is best that everj' person should have his own individual 
brushes. It is then known under just what conditions 
they have been previously used, and the possibility or 
probiibility of their being infected. The bristles must be 
stiff, to permit of efficient scrubbing, and after use in a 
septic case the brush should be boiled before lieing placed 
in its ordinain* recejjtacle. After each use the soapsuds 
should be thoroughly rinsed out of the bristles, and be- 
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tween times of use the brush should be kept in a covered 
jar contaiuing a 1 : 500 solution of mercuric chloride. An 
equally good plan is to have the brushes wrapped sepa- 
rately and sterilized with the towels and dressings, one to 
be unwrapped for use as needed. 

THE HOSPITAL OPERATING ROOM 

Too mueli care cannot be expended upon the construc- 
tion or remodeling of this room, to make it meet the 
requirements of modern surgery. Instead of setting aside 
for this purpose any room that could not be conveniently 
used otherwise, it should command a choice location and 
a carefully selected though simple etjuipment. The ideal 
room is constructed with the following points in mind: 
In the tirst place, an abundance of light must be obtain- 
able at all hours, A large window space occupying the 
greater portion of one side of the room, preferably the 
north, for the softer, steadier light, supj)lemented if 
possible by a skylight, is most desirable. An electric 
chandelier, with reflectors to throw a bright illumina- 
tion on the table, will sei've best for night work. A 
portable electric lamp is also a desirable addition to the 
equipment 

The walls and floor must permit of easy and thorough 
cleansing. There should be no corners to collect dust; 
the walls should curve into one another without interven- 
ing cracks or rectangular joints, and the ceiling and floor 
should meet the walls with similar curves. Both walls 
and ceiling should be of smooth finish, and painted with 
a smooth hard surface that will allow of frequent wash- 
ings with antisepties. The best material for flooring is 
marble tiling. 
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The plumbing should be of the open kind, every part 
exposed, not set close to the wall, and should provide for 
an abundant supply of hot and cold water. The number 
of wash basins required depends upon the amount of 
work to be done; the flow of water should he controlled 
preferably by foot taps. Above the row of basins there 
should he a shelf to hold the row of jars containing the 
nail brushes or hand scrubs. There should be n jar of 
green soap at hand, and a series of basins containing 
sterilizing solutions. 

At one end of the room there should be a stand with 
tile instrument sterilizer, and near by an instrument closet. 
A vessel containing calcium chloride |»laced in this closet 
tends to ket'it the atmosphere free from moisture and to 
prevent rusting of the contents. Several small tables, for 
lioliling instruments, pans, dressings, and articles used by 
the ana-sthetizer, corai)lete the effuipment. 



OPERATINO ROOM IN PATIENT'S HOME 

The tendency at present is to transfer all operative 
work, whether minor or major surgery, to the hospital, 
where the most improved facilities and the aid of spe- 
cially trained assistants increase the chances of sut-eoss. 
In many instances, owing to j»rejudice against such insti- 
tutions or to the impossibility of moving the sufferer, 
even the most difficult operations must still be perfomned 
in the patient's home. A fairly well-lighted room can 
generally be found in any house, and a common kitchen 
table, covered with a folded blanket and clean sheet, serves 
verj' well as an operating table. Tn an ordinary dwelling 
house or a fanuhouse the kitchen is usually the cleanest 
room. All hangings, carpets, and rugs should have Iteen 
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previously removed, and tlic walls cleaned and floors 
semLbed carefully and thoroughly. The object in view 
is to get rid of as much dust as possible. A quantity of 
hot water should be ready for use at any uiomeat. Prae- 
tieaDy everj'tliing else can be supi>lied from the surgeon's 
operating kit. 

PREPARATION OF PATIENT 

This is next only in importance to the preparation of 
the surgeon and his ap]iliances. It consists, broadly, not 
only in the effort to disinfect the field of o]ieration, but 
in all those measures which tend to insure tlie success of 
the operation and jtrotiiote the safety and eoinfort of the 
]>atient. Sujijiosing that there is no imperative demand 
for immediate surgical inten-ention, and tliat time is per- 
mitted for the projier arrangements, the patient's general 
condition should first be considered. A physical exami- 
nation of the heart and lungs and chemical investigation 
of the urine should be made, to ascertain whether any 
special danger is to be ap|)rchcndcd from the production 
of general anu'sthesia. Whenever i>ossible, it is a good 
plan to make use of the early morning hours for the per- 
fonnanee of surgical operations. At such time the oper- 
ator and his assistants are usually at their best, refreshed 
by a night's rest, and with every sense on the alert. The 
patient, too, as a rule, has benefited by this rest period, 
and enters the operating room in a calmer mood than 
when harassed by several waking hours of fearful antici- 
pation. If the surgeon himself can find the opportunity 
to speak a kindly word to the patient, sounding a note of 
promise or encouragement, jnst prior to the commence- 
ment of the ansesthesia, it often helps greatly to produce 
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a tranquil state of mind, and to inspire confidence in the 
assistant who is to conduct the sufferer into this tempo- 
rary sleep. With thorough confidence in those about him, 
and a hopeful feeling as to the outcome, a patient is less 
inclined to struggle against the disagreeable sensations 
induced by the ana-sthetic, and to require a less amount 
for the production of insensibility. 

When time allows, the operation site should be pre- 
pared the night before, or at least some hours before, the 
time set for operating. Perfect disinfection of the skin is 
Imrdly jjossible with present methods. The liest that can 
be done — and it is fairly satisfactory — is to follow tlie 
general laws here given, modifying them only as neces- 
sary for adaptation to certain parts. Where the skin is 
to be dealt with, as in operations about the auricle or 
mastoid region, the surface should first be shaved to re- 
move all hairs, and then carefully scrubbed with Iiand 
brush and alkaline soap to remove gross dirt and soften 
the tissue. The soap, epithelial cells, etc., should be re- 
moved by washing with sterile water, and the cleansed 
surface then thoroughly scrubbed with pledgets of gauze 
soaked in alcohol, and the disinfected area then covered 
by a sterile dressing, and bandage applied to hold it in 
place until the surgeon desires it uncovered. 

Where emergency demands immediate operation the 
same jirocess of cleansing may be utilized after the intro- 
duction of anaesthesia. In cleansing the extenial auditory 
canal, cotton-tipi)ed probes or cotton gauze sponges may 
be used for the scrubbing with soap and water and for the 
thorough application of alcohol. In the effort to disin- 
fect a mucous surface we arc limited to the employment 
of drops, sjirays, or irrigation with antiseptics. For this 
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purpose alcohol or foniialin (5i to Oj of water) have 
proved to he most useful. 

Before beginning an operation, the surgeon, or some 
of his assistants, should see that tlie exposed field is fully 
jtrotected from any possible contamination from its sur- 
roundings. A sterile nibber cap should be plaoed on the 
l)ead to keep the hair havk, and sterile towels eiiijiloyed 
freely to cover the neck, shoulders, and liody of the pa- 
tient, and the operating table, so that the operator cannot 
touch anything which might be surgically unclean. 

ANESTHESIA AND ANjESTHETICS 

A very large proportion of the operations upon the 
auricle or within the t>Tnpanum may be perforaied under 
local anaesthesia, but nearly all mastoid or cranial sur- 
gery, and many intratympanie manipulations, will require 
narcosLs. The choice of an anaesthetic and its safe admin- 
istration are matters of great importance to the aui'ist, 
because not infre<[uently the only danger attending an 
aural oinTation is the small yet jtositive risk of fatal 
aiUTsthetizatiou. Perfect asepsis, the invention of espe- 
eially well-adapted instniments, and the growth of ojiera- 
tive skill, have made much of aural surgery comparatively 
simple; the hazard of unnatural sleeji remains a factor to 
be reckoned with in every instance. It thus becomes ap- 
parent that in very many aural operations the ana?sthetist 
oeeupies a more responsible jiosition than the surgeon, 
and that the latter should, whenever possible, avail him- 
self of the services of a skilled anaesthetizer. It is scarcely 
too much, in the present advanced age, to say that an un- 
trained person should never be permitted to administer 
an anspsthetic, and it is earnestly to be hoped that in the 
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Dear future a supply of young i>liysiciaiis, thoroughly 
efimpi)ed as special ists in the handling of tliis class of 
dangerous drugs, will ajipear in every large community. 

Tlie recognized general aniestheties ean have but a 
miinll mortality when given jiroperly to healthv jxjrsons. 
It \h only when such vital organs as the heart, lungs, or 
kidjieys are pathologically afTected, or the blood is impov- 
erished in oxygen, that inherent danger attaches to the 
ana'Kthetic, or that it becomes necessary to weigh carefully 
the relative virtues of the several narcotics. 

Etlier would seem to be safer than chloroform when 
any IcHion of tlie heart exists, yet it is only in myocarditis, 
or vfllvulju" disease with inefficient eom{iensatioi], tliat 
HjH'cial iijiprcliensiou need be felt coucenung tlie direct 
rjirditjc elTect of either, and no condition of tlie heart is 
an uhHolule contraindication to the employment of ames- 
thcticM. rCtlier is contraindicated in all cases of impaired 
n'Hpinilion, because of its irritating influence upon the 
M'ttjiiriiloi'y ii)u<'ous membrane. Chloroform is preferable 
for very I'lil indivjtlitals, persons with short netjks, and . 
thow riddicU'd to alcoholic habits. When the kidneys are 
diHCfiN'd (III- greatest care must attend the administration 
Iff eilltci' clildcnroini ov ether; the latter should be pre- 
fi'Vml, ui\l>*HH distinctly contraindicjited for other reasons, 
IKi'l (ln> umiiiIIckI <|uantity compatiltle with the production 
Hinl niMirilfiinni'i' of narcosis used. 

Tlic iiin.jni ily (if surgeons consider ether a safer anas- 
lh»'h<' llniri cliltiroform, excepting under the special indi- 
t'nUiim mili'il, bul the imrtisanship of the advocates of 
'li drnu i« r«|iidly (ltsapi>earing. Undoubtedly the risks 
fwdntiilitji III ctlii'rizatittn have in the past been under- 
MllnmtiMl, evi'ii if llic fatalities of chloroform have not 
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been exaggemted. A liberal consideration of all tbe ele- 
ments bearing upon a eboiee between the two, however, 
shows sufficient reason for preferring ether to chloroform 
as the antpsthetic in general. 

For operations whith require complete narcosis, but in 
which this state needs to be maintained for a short time 
only, such general ancTstheties as nitrous-oxide gas, ethyl 
chloride, and ethyl bromide have recently met with de- 
son'edly high favor. It has long teen accepted as a fact 
that nitrous oxide is the safest of all anaesthetizing drugs, 
and from the statistics so far published it now appears 
that ethyl chloride and bromide, in the order named, are 
the next least dangerous compounds. It is essential, in 
using either of the ethyl compounds, that absolute chemi- 
cal purity shall be rejuired, and it must not Ijc forgotten 
that even the pure drug, especially the bromide, easily 
nndergoes chemical changes which render it exceedingly 
dangerous. Either preparation can he obtained from re- 
liable manufacturers in flasks containing a sufficient quan- 
tity for one administration. The contents of the bottle 
should be iK)ured into the cone and the hitter applied so 
as to exclude air. About two minutes is re<(uired to secure 
the full etTect, and [irofound ana'sthesia lasts from two to 
four minutes. Among the advantages pertaining to tliese 
preparations are the comfort with which the patient goes 
to sleep, the brief duration of narcosis, the rapidity with 
which complete eonscioosness and normal umsclc action 
are restored, and the absence of subsequent nausea and 
discomfort. A fresh flask must be used for each patient, 
and the cotton or cloth lining the cone should not be em- 
ployed a second time. 

Nitrous oxide may be given alone, or in combination 
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least five hours prior to the adininistratiou of an anjes- 
thetic. This, with tlie aid of a eatliartic at bedtime, and, 
if necessary, an enema iti the moniing, empties the bowels 
and imts the gastrointestinal tract at rest. 

In preparation of tJie patient for operation all unneces- 
sary clothing should be dispensed with, and special care 
taken to see that there are no eonsti'icting bauds around 
the chest or abdomen. Artificial teeth or other foi-eign 
bodies should be remov'ed from the mouth. A recumbent 
position, with the head slightly lower than the body, is 
most favorable, and care should be taken at all times to 
keep the jiharjTix and mouth free from secretions, and to 
facilitate the expulsion of vomited matter. Excessive force 
should never be employed to control a patient's struggles; 
a little reasoning, more gentleness, and a slower admin- 
istration of the suflfoeating vapor will be much more 
effective and decidedly less dangerous. A preliminary 
hypodennic of monihia and atropia, administered from 
thiiiy to sixty minutes ]irior to the ana>sthetic, or a mod- 
erate dose of whisky or brandy taken by the mouth, has 
been strongly recommended by some high authorities as 
tending to stimulate the heart, allay the patient's nervous- 
ness, and diminish the amount of mucous secretions in the 
resjtiratory tract. Certainly it would seem to be a hann- 
less procedure, and, while not necessary as a routine, one 
which is to be commended in many cases. By covering 
the jtatient carefully with blankets and watching him 
throughout the operation to avoid exposure and chilliness, 
something is gained toward preventing postanajsthetie 
lung complications. 

Tlie oj)en and continuous drop method of supplying 
chlorofonn to the mask is far better than pouring it on 
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at intervals, and a sufEeient supply of air must be con- 
stantly provided. Just as mtrous*oxide gas induces a 
more satisfai-tory preliminary amesthesia, so it may 
sometimes add mnob to the i»atient's comfort to begin 
narcosis with chloroform and subeititute etl>er after the 
first trying jteriod is ^MissetL In any event, it is advisa- 
hle to limit the amount of an anapsthetic to the smallest 
(jiiantity uet'essarj' to induce the desired state of pauiless- 
ue»s. Oftentimes it is possible to sastain this condition 
by interrupteil narcosis. In mastoid work, for ioetance^ 
cnivtteinent of the bone is not very {gainful, aod it is un- 
iicci^ssary to keep up a i-onstant, profound namieis. 

An euiergeucy outfit, consisting of a hy|K>dermic 
syriiigt'. nil infusion apj^aratos, and a varii^ of cardiac 
Btinuilants for saK'Utaneous use, shook! always be in 
rendint^sii. Wrakened heart artioa or symptoms of im- 
{H'liding asphyxiation deuiawl prompt aetiQa. Reltance 
tintt gi^uerally been placed on stimolatioa by stry<4uiia, 
braiHly, digitaliu, or nitroglycerin. Recvnt stndies on the 
imtim> of shook and the action of mmeeAetit poisouing 
indicate timt infusions of warm wmnii salt sohrtkm are 
moiv v t lkwa m s Uum the administntfioB of otter canliac 
Ktiiiuilttntii. 
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DISEASES OF THE AURICLE AND EXTERNAL 
AUDITORY CANAL 

ABNORMALITIES OF POSITION AND FORMATION 

ILvLPOsiTioN and uial format ion of the auricle are very 
common conditions, if all departures, of whatever degree, 
from a nornml standard for position and form be consid- 
ered. Preliminary to a consideration of the abnormalities, 
it would bo well to determine what constitutes a standard 
normal ear, for it is a noteworthy fact that, altliough 
anatomical irregnlarities of the auricle have formed the 
basis of a great many papers, and a great deal of consid- 
eration has been given to the question of the relation of 
these markings to the stigma of degeneration, there has 
l)een no general concurrence upon a standard. For com- 
parative ]mrposes, then, the following description might 
be aeeepted as that of a normal ear: It should l)e, approxi- 
mately, twice as long as it is broad, and in its relation of 
attachment to the head should form an angle of not less 
than fifteen degrees nor more than thirty degrees there- 
with. It should have a gracefully curved outline, being 
nowhere pointed nor irregular, and have a well-defined 
helix, separated from the antihelix by a distinct scaphoid 
fossa extending down nearly to the level of the antitragus. 
The root of the helix should be lost in the conelia l)efore 
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reacbing th^ antihelk. which should not be uuduly promi 
ncnt, and should have a well-marked bifurcation at its 
superior extremity. The lobule ought to be shapely, not 
adherent to the eheek along its anterior border, nor yet 
too pendulous, and free from grooves extending from the 
scaphoid fossa. ^| 

Moderate degrees of variation from this standard, as 
regards both jtosition and forai, are common, and will be 
noted more frt'f}uent]y in tlie male than in the female sex. 
This is doubtless due to the rougher and more exposed 
life of boys and men, and to the character and mode of 
wearing their headdress. Gross alterations of form, sufl||||| 
as constitute generally noticeable malformations, cannot 
be said to be very common, and yet they are not infr 
(luently met with. They also vaiy greatly in charaete^ 
from an irregularity of some one portion of the auricle 
to its entire absence, or to the existence of superfluous 
appendages. 

Malposition.— Very close-set auricles, those which 
show an auriciilo-femporal angle of less than fifteen di 
gi'oes, are rare, and jiossibly never call for the surgeon 
attention. F^laring ears, however, especially when the 
angle is gieater than sixty degrees, are apt to lie unsightly, 
and, for cosmetic purposes, demand the operation of repli- 
cation. Wlien such defonnity is noticed in childhood ^| 
partial or complete correction may be accomplished by the 
patient and prolonged emplojnnent of some device for 
l>re.*isiiig the auricles close to the head. Thus, a cap that 
can be <lrawn down over the ears may be worn during the 
day, instead of the regulation headgear of the i>eriod, and 
n siH*cial close-fitting nightcap, or bandage, be ap])liQd alH 
ht In adults, when the cartilage has become more^ 
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firmly developed, or ■when the flaring out of the auricle 
is excessive, surgical measures must be the natural resort. 

The best methods yet devised for operating upon these 
cases, and those which have produced the most satisfactory 
results, are the operation which has been suggested by 
Keen,' and the removal of an elliptical surface of skin 
from the angle of junction of the auricle with the mas- 
toid and the stitching of the cut edges togetlier. Care 
must be taken to secure bilateral synmietry when both ears 
are operated upon, and this is facilitated by first cutting 
a paper patteni of the piece of skin to be removed and 
using this to mark out the operation area. Keen's opera- 
tion consists in the removal of an ellijitieal piece of skin 
and a wedge-shaijed ]nece of cartilage, and in retracting 
the auricle by closing this wound with sutures. A care- 
ful aseptic technique should be observed preliminary to 
and during operation. Not only the entire surface of the 
auricle, anteriorly as well as posteriorly, but the neighbor- 
ing regions on the face, neck, and scalp should be scrubbed 
thoroughly with soap and water, and washed with alcohol 
or ether, such hair as might encroach upon the field hav- 
ing previously been shaved off. The head and shoulders 
must be covered with sterile towels, and only sterile hands 
or instruments permitted to come into contact with the 
exposed clean area. Having deteniiined tlie amount of 
resection necessary to bring about the desired effect, a ver- 
tical ellipse of skin is removed from the posterior surface 
of the auricle, starting above at the beginning of the con- 
vexity of the helix and extending down to the commence- 
ment of the lobule. This exposes a broad expanse of 
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'^xr.l.&.^F'^ fr'-tr. Tiifii 3 -rjsnsTLsr seeam. about two thirds 
tr.i^ T-iiirii ani tfjt -aicir* jesz^ of die *ifTTi woimd. is to 
he -iTit. Or«ia: -iar* :r.ast *ienaaed La sloping the edges 
:::«:L*iot Ls. the ftarfnaK ia. order diat they may meet 
at -i-.-r ar:«T2 -".f ^•t t-iiLk. j^st ar the anterior surface of 
r;.ft .--arrl.a^'r. xi-Ji'-.c: Tromiic^ the skin. A snhcataneons 
rl. v-r-Trir'r --n.-'r aror>if th«r b«<t means of perfectly 
o.' -!r.2 r;> ■^'.rLLii ar:«i r-pr-ciodiiz primary nnioc Such 
'•;> -".-- &'. 'A.-i tzTTht^r Irjnry of the >?ardlage. suture of 
T:.;.-;. r.or s^irc: to re reiuisite to 9nii;<.>e!i&, and eliuii- 
r;;itt- T-.ti r o>-:"f.I!ity of :iife«.-t:':>n. from stitch abi>4.'es£«s so 
hi'trT int^rrmptie»l -intnri?* tfarouarh the skin. Uar- 
inc! f\r,<^l rhft TTont'l by lirawing the wire suture taut, it 
*lionI<l })(: coverei with .*teri:t? silver foiL a small pad of 
plain ffanzff p!a<:t<i ov^r this, and then the auricle pressed 
r-los*- to tii»- hoatl by a sauze i>ad over the anterior sur- 
fa<-*:, lif'ltl in positir.n by a firm bandage. The dressings 
nwl not Ije chariir*?!! f'-r a wtjek. at which time the wire 
suturf fan !)♦:■ f'asily witii<.lrawn and a lisrht collodion d^e^?s- 
in^ apfilinl over th*^ wound. An elastic flannel bandage 
sIionM Iw! woni fonstantiy for a time, and at night for sev- 
eral wffks. Snnic sursft-on.-s have relied on excision of a 
IK>rtion of tlif skin on the posterior surface of the auricle 
only, leaving the cartilage intai-t; but this method is ojien 
to the objection that the natural elasticity of the cartilage 
will t<?nd to stretch the skin, and cause in time a recur- 
rence of the deformity. Several years prior to Ki?en's 
|iuI)licatioii Kly ' had dcscrilx'd a somewhat similar opera- 
tion, but his results were not as good: he made his inci- 
Hions flirectly through all the tissues of the auricle, and 
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in consequence thereof found it difficult to coapt the edges 
of the wound, and left an unsightly scar on tlie anterior 
surface. 

Malformations.^ — The human auricle exhibits a great 
variety of abnormalities in form, the origin of only a few 
of whicli can be explained. There may be a defect of any 
portion of tlie pinna due to an arrested development of 
that part either before or after birth, or, on the other hand, 
an excessive development of some of its divisions. In 
some instances there is total absence of the auricle, in 
others a rudimentary organ exists, and, again, a condi- 
tion of polyotia is found. ether the abnormal con- 
dition existing be one of microtia, macrotia, or polyotia, 
the deformity is probably due to an error in development 
of the first visceral cleft, the fissure in the embryonic head 
which marks the site of the future external ear. 

Distortions of the helix, antihelix, tragus, lobule, or 
8caphoi<l fossa have little interest for the surgeon; he is 
but rarely called u|)on to correct thera. The number of 
persons possessed of perfectly normal auricles is probably 
a small minority of the whole populace. The majority of 
I>eople show some defect on one or both sides, but so do 
they present other physical shortcomings when measured 
by the ideal standard for the human body. Many writers 
have attemj)ted to show some connection behreen abnor- 
mal fonnations of the pinna and mental degeneracy, and 
liave attributed undue importance to these minor defects 
as the stigmata of degeneration. It is unquestionably true 
that they are found frequently as hereditary stigmata or 
degeneration signs accompanying mental weakness, and 
that a large percentage of tlie criminal classes, and neuro- 
pathic persons generally, bear such markings; but inas- 
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tragus, altliougli they may appear anjTcbere in the neigh- 
Lorhood of the auricle, 
observed, instead of a 
perfect ear, several 
rndimentar}' nodules on 
the cheek. 

Either of these 
forms of malde\*elop- 
iucnt may be unilateral 
or bilateral, more com- 
monly the fonner, and 
there is no preference 
for either side of the 
head. Neitlier are they 
Influenced by aex, for 
about an etinal number 
have been reportetl for 
the two aexea. 

Congenital aural fistula takes the fonn of a canal 
running parallel with the external auditory meatus, usu- 
ally situated about one centimeter above the tragus and 
two or three millimeters in front of the anterior end of 
the heli.x. Its exact relationship to the development of the 
ear is undetermined. Whether it is an iniiierfectly closed 
IX)rtion of the first visceral cleft is uncertain. Generally 
it is not a true fistula, but a long, narrow cul de sac; 
occasionally a connection with the tympanum may be 
disclosed. 

Only rarely do these fistulous tracts give rise to trouble. 
They are open to the possibilities of infection and abscess 
fonnation. Under normal conditions they exude a slight 
milky secretion. There is a decided tendency to heredi- 
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tary transmission, most frequently through the female 
Hue, and they Iiave been observed in all the women of one 
family for four generations. 

Treatment of Malformations. — The surgical treat- 
ment of these conditions cannot be outlined with any 
amount of detail. Each case must be a law unto itself. 
It may be said, in general, that the useless appendages 
may be removed without danger, and should be, if they 
are causing marked deformity of the features. It is very 
rarely wise to attack an imperforate meatus. Pathologi- 
cal investigations have shown that a normal tympanum ia 
the exception in such cases, and clinical experience has 
taught the almost hojieless nature of eflforts to maintain 
an oiien canal even when one has been successfully estab- 
lished. An undeveloped auricle can be removed and an 
artificial ear supplied, but, whenever ]io88ible, it is prob- 
ably well to retain it as a base for the attachment of the 
one made by art. 

HEMATOMA AURIS— OTHRMATOMA (INSANE EAR)— PERICHO 
DRITIS AiaiICUL.K— TRAUMATIC CYt^T OF THE AURICLE 

Desirable as it may be, from the pathological stand- 
point, to consider these affections separately, the indis- 
<-*riniinate use of the terms and the confusing of their 
♦JistiiH'tive clinical pictures, in many of the recorded 
onses, combine to render it advisable that they be treated 
<'onjointly. 

N'othing definite or satisfactory is known about the 
Iiatliology of either of these conditions. In hematoma, 
the effusion consists of pure blood or bloody serum. In 
!>eriehondritis, the contents of the swelling are of an in- 
flaiiiinatory character a cloudy serum, at first a few leu- 
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cocytes, and later numerous pus cells. The cysts contidn 
a clear serous fluid. In all cases the effusion is found 
between the cartilage and perichondrium. After removal 
of the fluid, whether by absorption or evacuation, there is 
a tendency to the formation of new connective tissue, with 
thickening and distortion of the cartilage. 

Hematoma auris, as its name implies, is an auricular 
tumor which contains effused blood. The older writers 
believed that this condition was to he found only among 
insane persons, and that some indefinite connection existed 
between the form and stage of the mental disturbance and 
the appearance of the tumor. It is now quite certain that 
hematoma occurs just as frequently among the sane as 
the insane, and that its origin has more to do with the 
occupation and habits of the individual than with his state 
of mind. Thus acrobats, boxers, athletes, porters, or others 
whose ears are subjected to frequent, even though slight, 
traumatisms, are not uncommonly the subjects of such 
tumors. A single violent blow on the auricle seldom pro- 
duces a blood tumor; they seem to result rather from 
oft-repeated injuries which are capable of causing such 
changes in structure as predispose to hemorrhage. Just 
so, in the insane, these tumors are noted in that class of 
cases recognized as chronic dementia^ or among the gen- 
eral paralj-tics who have reached the maniacal stage — a 
class of patients that is always restless, picking and pull- 
ing at their auricles, and rolling the bead over the pillow 
when in bed, and subject to numerous small injuries. Tbe 
api>earance of the tumor may follow close on sorae defi- 
nite infliction of a trauma, but generally the history of 
preceding irritation of a predisposing character can be 
obtained. 
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Symptoms. — True hematouia is most apt to occnr la 
pcrMonn of julviiiu'etl years, rarely before middle age. The 
tuiiiorlike Kweiliii^ ai>i tears suddenly, aud is attetided by 
tilt! ntlier iiHual sijiiiH of iiitlainmiitiou — reduess ami pain. 
Soriietiiiie« eongextidii and hiirtiitig jiain precede tlie swell- 
iug by wveral liours, Tlie first ai>i>enranee of swelling is 
nHiially williin tlie eoiielia, iiiid it spreads rapidly, aecord- 
irtff to the HiiuMinf of blood effused, until it may eover tlie 
entire niitericjr siirl'nce tif the aiirielc. (Iiaduiilly the eolor 
clianKCH from a hriglil ihh! to n bluish red, and finally to 
a livid hue. 

Thai'matic Cyht.— Ilartitiann first enlled attention to 
the ffU't that many of tlie eases reported as otltematoma 
ll^viere not in reality blood fintiors. He pointed out other 
^differenees, Imwever, tlinii Uie nature of the coutainwl 
fluid, and insisted on eslidiliNliin^ a separate elass of these 
cystx, whieh lie differentiated from hematoma as follows: 
They oecur in the middle jieriod of life, nnd ffenerally in 
healthy, rohiist intlividiialH ; the onset is gradual, and not 
att<vnd<'d by piiin or redness; the H]»i>earanee of the skin 
eoveriiif^ the swollen area may be tn'i'ft'«'tly nonnal ; the 

IBuhsidenee of the HWr'Hiiifj; is not attetided by much de- 
fonnity. 
pKRuriioNKHrnn. — The eaRea whieh fall under this head- 
^ig would wem to form sometliiiiK ctf a connecting link 
between the two elftHK<'s described above. They are dis- 
l^tinctly inflanunatory in nature. Tlic course of fonnation 
^is somewhat less rajud than that of a hematoma, but the 
aeeomjianying redness, heat, and jmin are more severe. 
jj^The exudate itt more like that of the P\'8ts, differing only in 
the amount of inflanunatory elements present, yet the result- 
■*«>forniit>' is very similar to that following hematoma. 
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Prognosis. — It seems to have been generaHy accepted 
that the occurrence of heniatoraa in the insane presages 
a fatal temjination of the case. In the sane, their appear- 
ance has no such disastrous significance. The possibility 
of preventing deformity is one of the most important con- 
siderations, and, as has heen shown, the liability to de- 
formity is greatest in hematoma and least in the cysts. 
The difficulty of accurately classifying the cases found in 
Uterature makes it hard to say what fonn of treatment 
promises the most satisfaction. 

Treatment.^ — The prompt evacuation of the fluid, hy 
aspiration or through a small incision at the most depend- 
ent portion of the swelling, is the first essential. As the 
sac collapses, small ]»ledgets of sterile gauze, adapted as 
nearly as can be to the irregular anterior surface of the 
auricle, should be applied, a supporting pad placed behind 
the auricle, and over these dressings an elastic flannel 
bandage, carried around the head, to exert gentle pressure. 
The dressings should be changed daily, and any fluid 
which has collected during the intervening time removed 
through the old opening. Wlien there is no longer a ten- 
dency to further exudation, and reimion between the car- 
tilage and its covering has taken place, gentle massage 
should be inaugurated. Massage should, however, always 
be deferred until the pressure treatment has nearly or quite 
restored the normal contour of the auricle. 

TUMORS OF THE AURICLE 

While not of common occurrence, still occasionally 
primary tumor fonnation of the external ear demands 
snrgical interference. Most frequently it is of a bcnigti 
character, cancerous growths being very rare. Secondary 
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metastatic tumors of tbe auricle are but very infrequently 
met with. The neoplasm may have its origin in any part 
of the ear, and spread eitlier from the meatus out onto the 
pinna, or from the auricle into the external auditory canal. 
Tbe early recognition of a malignant neoplasm is of course 
imiiortant, in order that it may be promptly and thor- 
oughly eradicated, as nnich as possible of the external ear 
preserved, and general metastases prevented. 

Among the benign tumors are to be eonsidered fibrom- 
ata, ])ai>iIlonuita, cj'stomata, auglomata, and osteomata. 

FmROMATA. — These most common of all tlic new for- 
mations of the ear start usually in the lobule, though a 
few instances of their occurrence in other portions of 
the auricle have been noted. While generally small, 
they may grow rapidly and attain a very considerable 
size, causing not only marked deformity but serious 
discomfort. 

The pathogenesis is not very clear. Almost invari- 
ably there is the history of a preceding injury of tbe nor- 
mal tissues, and, just as is true of the general condition 
known as keloid, tliere appears to be a pronounced predi- 
lection to this growth among the colored races. The 
condition is, consequently, encountered in tbe Southern 
States oftener than in the Northern, and is said to ha par- 
ticularly common among the South American negroes. 
The passing away of tlie fashion of wearing earrings, and 
with it the onetime general custom of [lien-ing the ears 
of female children, has had the effect of greatly reducing 
the nundx-r of tbese fihroniatous growths. 

Pathology, — Microscopically they are composed of 
fibrous or fully developed connective tissue, mainly spin- 
'"e-shaped cells, with some irregular forms of connective- 
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tissue cells and very few blood vessels. The clinical fea- 
tures are a hard, resistant feel, and a smooth, generally 
regular but sometimes lobulated surface. The aitiologic 
traumatism is seldom an incised wound, much more often 
a piercing of the tissue. 

Prognosis. — The consensus of expressed opinion is 
that, even after apparently comi)lete removal, there exists 
a decided tendency to recurrence. Personal experience is 
not in accord with this view. Extirpation is easily accom- 
plished, and recurrence has been observed in but a trifling 
proportion of the cases operated upon. 

Treatment. — The ordinary rules of jilastic surgery 
apply to this, as to all forms of nonmalignant growth of 
the external ear. The entire removal of the tumor, with 
preservation of a symmetrical appearance of the ears, is 
desirable. In the majority of cases, the tumors being 
small and limited to the lobule, this is easily accomplished 
by an inverted V-shaped incision through the entire thick- 
ness of the lobe, on either side of the tumor, the margins 
of the cut being subsequently brought together and held 
by a collodion dressing. Sutures through the skin should 
be avoided, on account of the tendency to the development 
of new growths at the point of skin puncture. Occasion- 
ally tlie size of the tumor will render a more careful dis- 
section necessary, in order to secure better flaps and to 
maintain a good appearance. Thin skin flaps can be dis- 
sected off the tumor mass, but great care must be exer- 
cised, as the skin is closely adherent to the tumor, to avoid 
including any of the fibrous tissue in the flap. Turning 
aside the flaps, all fibrous tissue should be cut away, and 
the fiaps then adjusted and united by collodion dressing 
or adhesive straps. Primary union is the rule. By this 
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means the dangers of deformity and of recurrence are 
reduced to a minimum. 

Papellomata. — These occur most frequently on the 
auricle in the form of the common skin warts, and may 
apiwar either singly or in numbers. Occasionally a horny 
protuljei'ance, both in shape and consistence, is seen. They 
are never very large, and always consist of a mass of 
squamous or columnar epithelial cells, hypertropliied pa- 
pillse, with a small amount of fibrous trabecular tissue and 
an exceedingly limited blood supply. 

Treatment.— Excision is the.only thing to he thought 
of. Cauterixatiou of the base will facilitate healthy granu- 
lation and |»rcvciit the possibility of recurrence. If the 
growth be pedunculated, it can be removed entire by t)ie 
aid of curved scissors or bistoury. The galvauo-cautery 
is sometimes used to accomplish excision and cauteriza- 
tion at the same time, 

Ctstomata. — A great variety of new tumor formations 
might be included under this heading, ranging from the 
simple comedones, through the various sebaceous cysts, to 
the othematoma. Differing greatly in size, appearance, 
and character of contents, they are all, except the last- 
named class and the dermoids, simple retention cysts. 

Ectodermal cysts of the auricle are of infrequent occur- 
rence. In structure they are of two tyjjes; the epider- 
moid, whose wall is composed of smooth connective tissue 
covered with stratified squamous epithelium, and the true 
dermoid, in which the sac wall presents all the charac- 
teristics of skin. These cysts vary greatly in size, and 
their contents consist of desquamated epithelial cells 
alone, or in association with such tissues as fat, hair, 
and bone. 
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Treatment consists in removal of the contents, to- 
gether with the sac wall, if jwssible, and obliteration of 
the sac by rauterization, or by the setting up of an adhesive 
inflauimation. 

AuGroMATA.— These are tumor formations, progressive 
in character, and composed essentially of blood vessels. 
Three distinct forms are recognized: the vascular na^vus, 
or simple angioma, the cavernoiis angioma, and lymph- 
angioma. In the type known as cavernous there is, in 
addition to the mass of new-fonned vessels, a con- 
nective-tissue framework inclosing large spaces filled 
with blood. 

WTjile not generally of a rapidly progressive nature, 
angiomata are not to be looked upon as altogether benign. 
Origiuating from misplaced elements of the vascular tis- 
sues, Ihey may be located anj^where about the ear, and 
while always congenital, may not become apparent until 
some exciting agent provokes the dormant tissue to 
activity. 

Symptoms. ^ — When attention is first attracted to the 
growth it may have the appearance of a " birthmark " or 
a varicose spot, or, as has happened in one reported 
instance wliere the growth was deep in the canal, it may 
be mistaken for a furuncle. Perhaps the most common 
site for the location of these tumors about the ear is the 
anterior surface of the auricle, and here they spread more 
or less rapidly to cover the entire surface. As the growth 
increases in size its correct nature becomes apparent. The 
skin grows darker, until it assumes a deep purple color; 
the patient complains of a throbbing sensation, and in 
some instances pulsation is visible even to the point of 
allowing the counting of the pulae by mere observation, 
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niui. iiartii'ularly ttIioe lyinir do-wn, the patient is distarbed 
l>\ tlif Hoist's I'f llif blood (Tirrent. 

Troiiiiosis.— "VVlion it is }»ossible to make a complete 
r»Miio\ :il of Thf vasinilar mass and to obliterate the aflferent 
\osst'l iliai lias Invn fiiHiinc it, tlie results should be per- 
foi-1. Tlioi\' i> 110 s:ii\'ia"i risk attondinp the operation, and 
llio oii]\ *iaii*riT>- of fa:h:n'' aro found in the difficulties in 
till' \\a\ «>f >'i^v..} !otv I Aiiriialioii and the tendency to recur- 
n iii-i- Wov.. v.vi \i isoii :>onii'ns of the tumor. 

Troai v. i As inaiv'siod alK>vc, removal by surgical 
uioaii> a:1o:\i> ::m 1k>: v:m>:vi-i I'f sum«s. and the object 
to ly k. •;<; .1. v...'.!0.. .-itui >t: :\ o for. is comjilete extirpa- 
tion. ri;i . : :":.t v '.Hratioii will varj' according to 
liio M.i ;.vo. o.:.: o'.. vt v.;x 'w.-.'vr. Tho first ob.iect to be 
:!Oii \» .. >. . >x :•s:•l^lr ;oss-;'.'i, the control of the ves- 
>«■. ^o^.s^ .^ \»:.., :. ^ :":)» tumor \riih blood. To 
;i.\-o-.'.. ';■..>;. :,- ■. T-j>tr.: its almost immediate 
:oo>:.i; ..>;... -. . : : \ .•. . . .:\r.".::rion. it is wise to ligate 
;:„■..!. .: :: -. visst'! ovon though it Ix? 
: » i. .■..>:.•■.-.■•.••. ^.rcv:. the tumor mass to 
.. > : . : ...>:.•.•...•■. ;. ;.ri-t -.i.-.r* of t.ho auricle l>e 
• :• . j;-;.; . -.. . : ".In- iHtnmion carotid 
i • -. ..^>.■•■.•.■. .': .: >;i.-cissful control : and 
• - - . . . ^ .<; -. :. .. i-.'jsts where it can 

. . :. ;.: •. •.-.-.•rr. tlie carotid causes 

■,...■..:>.■.,::;-. : r. For the smaller 

" : - J. : .-. . : : : :\: vlii. . Ulterior or pos- 

•. ..-^ .f.rtiries niay suffice. 
■ -■ .■.-.>>: .-. removal of the 

' ■ ■ - • . V ;•.«; ■. :v.rjcei? in siTie, If 

■ • ••■ ■ - " ..: > ; .•.-vers the growih. it 

■ - - ■-. ■ ..■ :~rwd aside so as 
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to exjtose the mass, vrhieli, as far as possible, should be 
dissedtil out intact. Any susiiicious partifles of vascular 
tissue should be carefully removed by the curette or sharp 
spoon, and the skin replaced over the cartilage and held 
finniy in place by a sterile gauze dressing and pressure 
bandage. Where the skin has been invaded, it should also 
he removed, and surfaces of cartilage thus exposed cov- 
ered by skin grafts. 

Very little after-treatment is required if asepsis of 
tlie operation field has been maintained. Exulwrant or 
sluggish granulations, in the process of new skin forraa- 
tion, may call for cauterizing or stimulating appli- 
cations. 

OsTEOMATA.— True osteomata of the external auditory 
canal are^ aet'ording to the ]>athologist's standard that they 
possess a structure resembling bone tissue produced from 
a congenital matrix of osteoblasts, very rare. In the lit- 
erature bearing upon these grow ths, as seen in the e.xter- 
nal auditory canal, considorablo confusion has resulted 
from elTorts to divide them into two distinct groups, the 
one bearing the name hyperostosis lieing generally de- 
scribed as consisting of those bony hillocks of ivorylike 
slruetnre which arise close to the annulus, and which seem 
to have no relationship to any preexisting intlammatoiy 
disease of the ear; while the other, the exostoses, includ- 
ing only the more or less jiedunculated tumors, usually of 
cancellous stnicture, appearing at or near the juncture of 
the cartilaginous and osseous portions of the canal. The 
first were tliought to lie generally congenital, whereas the 
latter were su}iposed to be the outcome of some inflam- 
matory irritation. Such a differentiation has no authentic 
basis in fact, cither clinically or histologically. 
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Pathology. — In structure tliese growths vary from a 
spongy, cancellous bony tissue to a dense, comjiact, ivory- 
like substance. Mieroseopic sections show them to be 
always composed of the elements of true bone, but the 
typical Haversian canal system is sometimes indistin- 
guishable, and the architecture of the trabeculfe is irregu- 
lar. True osteoma of the auditory canal wall has its 
origin in misplaced embryonic bone cells or in an abnor- 
mal overgrowth of osteoblastic tissue. Tlie new growths 
of bone which occur after injury to or sui>imrative disease 
of the ear are of another character. Beginning as a jieri- 
ostitis, a circumscribed area of bone ulceration results 
from infection and impaired nutrition, and then, as the 
inflammatory process recedes, nature's effort at repair 
exceeds tlie required amount, and the excessive formation 
of new hone tis.sue constitutes a hy]ierplasia. At first the 
growth is rapid and the stnicture cellular, but having 
reached its limit in size, the character changes through 
the continued deposition of bone cells in the softer fibrous 
tissue and interspaces. These tumors are always Ix-nign, 
but may cause serious trouble on account of size and 
location. 

Aetiology.^ — The one definite element tliat seems to 
be connected with the majority of cases of aural exostos 
is the positive history, or reasonable probability, of some 
former irritative process which migiit have been respon- 
sible for a jieriostitis. Thus many patients have, or have 
had, a iirolonged suppurative otitis media, while others 
present evidences of chronic dermatitis or eczema. In a 
surprisingly large nuuiher of instances, where no otlier 
cause could be ascertained, it has been noted that the 

-outs were addicted to overmuch salt-water bathing. 
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Mr. Field first called attention to this, and otber obsen'ers 
have pointed out the great frequency of these growths 
among those South Sea Islanders whose occupation com- 
pels them to Bptnd a large part of their lives in the water. 
Here, through diving, the presence of water in tlie canal 
furnishes the necessary irritating influence. A much 
larger uunilicr of cases are seen now in England than in 
European countries or in America. A study of the skulls 
of the early inhabitants of the Western hemisphere, the 
Mound Builders and Peruvian Indians, leads us to the 
supposition tliat aural exostoses were much more common 
then than they are now. 

Gout, rheumatism, sj-philis, and chronic alcoholism 
have all been arraigned as causative factors, but in no 
instance has conclusive proof been furnished that the 
constitutional disease exerts any influence upon the bone 
production. Heredity has been noted in a few eases, but 
too seldom to be considered as a determining factor of 
any sjjecial imjjortance. 

Subjective Synijitoms. — If small, and imaccom- 
panied hy inflanmiatory trouble, the bearer may be un- 
aware of their existence. By their encroachment ujion the 
lumen of tlie canal tliey facilitate its obstruction from 
aecuumlations of cerumen or epidermis, and may serve 
as an olistacle to the outflow of discbarge resulting from 
a suppurative i>rocess in the middle ear, when an impair- 
ment of hearing or the occurrence of threatening middle- 
ear symptoms lead to examination and detection of the 
bony tumors and the consideration of the necessity for 
removal. 

Objective Symptoms.— When the canal has been 
freed of cenimen or debris, inspection renders the diag- 



■MM CiMy . OOui gFcnrtii 'is sitnated near the exter 
wmi flMHiai^ »Nv fwfBparty at the JmictiQD of the car- 
Hhgmtnm mmd awi i iiM pottes of tiie extend mditory 
eml, Md woamtimm wdl tovard the trmpaiuc eod of the 
cmL Tbii^ wtmy be ^ng^le or multiple, unilateral or 
WabgraL OeeuaoBaUv tliey lie so dose to earfi other, or 
so completely fill tbe i^naL that even a very fine probe 
cannot be pawed beyond them. As a very narrow orifice 
permit* a fair degree of hearing, they are often not dis- 
covered until they have reached a large size- In volume 
and sihape they vank' greatly. The attachment to the canal 
wall may be by a delicate pedicle or by a sessile base. The 
akin covering is of a whitish or i)earl-gray color. 

Prognosis. — So far as the exostosis itself is con- 
iH'rniHl, wmplete removal usually implies a cure. Cases 
of nH'urrence are rare, but one recorded case occurred 
rifUu" a lni»8e of years, during wliirli time the j^tient had 
PUnkihI a colli fortahte existence in the possession of good 
hi'iu itiK. When the diniiiiii^lied hearing is deiiendent solely 
ti|)Mit the Ihiuc (ibstinicfion. removal of the latter restores 
(ti I III' riir its full function. In suppurative cases the 
friliirged fiimd favors the treatment of the diseased tym- 
poriiliii; full restoration of hearing cannot he extiected 
^\wtt* iUv IninsmiKing mechanism has Iteen greatly af- 
f»<('fe*|, 'Hie nperation is ahiio-st invariably safe and 
!((<((*' (lelal, tliMiigli Koiiietimcs exceedingly difficult when the 
Itomiii liiiM n deiiHo eLurnate structure and a aBonOe 

f /f'll' Hf loHH for Operation. — A long time af» save 
f/tit' f/»)/l iUiwn IliK dictum that "an exostosis of tf» «■£- 
f^H't >'Htm\ >M mil lo !)<• operated u]K)n unless it «iaflrte|f 

tfttnni itnd InferlVres with the exit of -rree fr*m 
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a coexisting siijiiHirative otitis media, thus endmigering 
tlie life of the patient, or unless its obstrnetion to the en- 
trance of sound waves is the cause of profound deafness 
in a person who is also, from any cause, deaf on the other 
side." Strange as it may afipear, this counsel of non- 
operative intervention lias Iwen repeated by recent text- 
books on otology, in spite of numerous papers that have 
meanwhile ai>peared giving the Iiistories of cases success- 
fully ojjerated upon, and also notwithstanding the im- 
prov^ement in surgical methods during that period, and 
the oft-repeated pleadings of aurists of high standing for 
early operation. P^roni a careful review of the literature 
of this subject there is certainly justification in taking 
issue witli the objections to operation, and in urging the 
surgical treatment of these growths without waiting for 
tbem to become particularly, and perhaps dangerously, 
troublesome. AVhen done early the operation is much 
simpler, and the operator has much better control of the 
field than whvu the canal is conipletcly obstructed. Wlien 
sup]iurative disease exists, its treatment is rendered more 
easy, and its cure more certain and pennanent, by the 
prompt removal of the growth, even if there be a passage- 
way still sufficiently large to pennit the egress of pus. 
When there is no history of purulent otitis, either present 
or jiast, it is still better to operate early, and thus save 
the patient the worry and despondence attending the slow 
onset of deafness. 

Treatment. — Surgical measures offer the only hope 
of success. The local apjilication of irritants and escha- 
rotics is no longer advocated as a matter of choice. The 
advantages of extirpation are a painless single ojieration 

under anaesthesia and healing of the wound by primary 
7 
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assistance of a cotton sponge or gauze swab the walls and 
external surface of the osteoma may lie fairly well washed 
witli soap and water, and should then be flushed with 
alcohol. Cleansing the soap from the face and auricle 
should he followed by niljl)ing these surfaces with gauze 
soaked in alcohol, and the disinfected surface covered 
with sterile gauze and bandage until the surgeon is ready 
to operate. 

All instruments should, of course, be carefully steril- 
ized, and herein is found one of the principal advantjiges 
of the chisel or gouge over a drill. The engine, and its 
attachments necessarj' to tlie use of a drill, cannot be 
properly disinfected, and in manijinlating the apparatus 
the ojjerator is in constaut danger of carrying infections 
material from the machine and tubing to the ])oint of his 
drill and thence to the operation site. If a drill is used 
when dealing with hard, ivorylike exostoses, it may be 
driven by foot power or by tlie electric motor ; the former 
is slower but more easily controlled, while the latter docs 
the work naicii ijuicker, rei|uircs less i>ressure upon the 
drill, and with a little practice in handling becomes equally 
safe. 

When operating upon a sessile growth, through the 
meatus, the attempt should be made to dissect off the skin 
and periosteum first and to jireserve these flaps for cov* 
ering the denuded bone surface after the underlying exos- 
tosis has been destroyed. Such a plastic operation saves 
much time and trouble in tlte after-treatment, where ex- 
uljerant granulations are apt to be troublesome if a large 
bare area is left. 

The subcutaneous method for the removal of exostoses 
through the canal takes advantage of the fact that the 



m i>isi%asf;s of the auricle 

(txoHto«i« lins iisunlly a smooth peripheral snrface, with a 
IIkIiI tilliit'hiiii'iit of tho surrouadiDg soft tissues, and that 
till* lnrK<'«' ox«8tost>s h«ve a not inconsiderable center of 
tliplot^tio liwHiii' t'lisily iH^nneable. Under these cireuni- 
i^lntH'tm il iH j)ossihlo, l)y dividing tlie integnnient on the 
|iro\iiunlt> snrfntv of the exostosis vertically and across 
it« h\Ht\ aiu) oliiscliiig the bono, from witliout inward, by 
iiii'nns of I) imrvow btiultHl gouge, to lift the separated 
bony gnnvlh and withdraw it through tlie opening in the 
ii)tt'gninrtit, which, ixOhipsing. forms a skin flap re<iuir- 
ing only light pnoking for its retention in place and its 
atllit'sion. 

l«ttrg\> ex»^tos<'*s. nearly filling the transverse lumen of 
tlu' canal, nuiv U- rtnuovwi iu this umnuer, thus avoiding 
tho n'-tlci'tion of the miricle forward, or the slow healing 
incident to \[w rt^noval of tin* exositoses through the me- 
atus by mmm of llie chisel, curette, or burr, with more 
or lesw inacritkv of tin- |m>ttx'tive integument. After 0])er- 
Ht»*ui the cnnul should v'^ijiJ^^i v^ih sterile cotton or 
gauac, for prvUvtion anU to k«>p the skin flap in place. 




Vta. I3l— Ckwri lor im ^iHth «k» I iMImI mitti tj rmaal { ame. 

Ttie Soa8«9 or varrcd rkisflls tor this porpoee (Fig. 
13) are twelve t,-entiiue<er« or uiortf ia kflgtb. of widths 
wjriBg ttvm one luiUimeleir to thn* aulfiawlers at the 
etifttiag: ead. and Itavuig mmt head a fiattBoed or ring 
kudfe set nearty at a rigk^ aa^icv wkkh ^ iastniment 
mm k» htUL finuly betvM* Mw Ammh aad forilln^f r 
of the WffI band wbilv lh» ngikt wwKts a smaB — Hfit 
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These chisels are also available for operations upon 
the labyrinth, and for removal of the outer epi tympanic 
wall. 

In tlie postaural operation the cartilaginous canal wall 
with the periosteal covering of the growtli is easily drawn 
away with the auricle and the bone exposed. To do this, 
a semilunar incision is made from above the tip of the 
helix, downward, to the ti[j of the mastoid process, keep- 
ing close to the sulcus which marks the auricular attacli- 
nient. The posterior auricular artery and vein will occa- 
sionally be encountered, as may also several branches, hut 
tlie hemorrhage is easily controlled by application of 
hemostats and pressure with gauze sponges. With a peri- 
ostemn elevator the auricle and cartilaginous canal wall 
are separated from the bone, and an assistant holds them 
well forward with a retractor. The chisels will have to 
be chosen with reference to the particular c-ase in hand, 
very narrow ones being applicable in tlie largest number 
of cases. As' a rule, it is best not to chip off the a)>ex of 
the exostosis but to attack its base. This part is apt to 
be less dense, and the operation is thus shortened. Hav- 
ing removed the growth, together witli all fragments of 
bone, and smoothed its former bed, the auricle is carefully 
replaced and gauze packed into the canal, to hold the peri- 
osteum in close a[Jposition to the bony wall. The mastoid 
wound may be closed with a silver wire subcutaneous 
suture and a silver-foil dressing applied. On the fifth 
day, if everything has gone well, the dressing may be re- 
moved and the silver wire withdrawn. If no infection has 
occurred, the wound will have healed per prtntmn and the 
resulting scar will be insignificant. A fresh dressing 
should be substituted for the old one in the canal, and a 
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er THE EXTERNAL AUDITORY 
CAXAL 

or eren permanent narrowing, of the 
: of iBnHry is not frequently met with, 
conditions occur with other inal- 
ental anomalies of the auricle. 
Ae result of ]M)stnatal rhanges, tlieir 
or^nB is almost invariably found in ei chronic iuilamnia- 
twrj' process associated with jironounced hyperjilasia. In 
n f*»w Instances the obstruction has been due to traumatism 
with great destruction of tissue, and a consequent large 
cicntrix. or to faulty reattachment of a detached auricle. 

I'athology.^ — Either a chronic suppurative otitis me- 
dia or a chronic diffuse otitis externa may induce an 
iiilhiMinuition of the jieriosteal lining of the external canal 
wnll. Ulceration follows, wliich may iDTolve only the 
frfirioHteiJiri, or may invade the deejier bony stroctnres. 
Hwilifig of such an area occurs by proliferation of oells 
fill in the npaces of destruction, and if this pralifenitinn 
tiCf^rn over a large region or thntugbout tbe la|§(L of the 
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canal, a stenosis, or narrowing of tlie canal lumen, results. 
Diminution of the canal lumen is also favored by subse- 
quent contraction in the newly formed scar tissue. Total 
occlusion ia the result of a similar process when the dis- 
eased area encircles the canal, or at least involves oppos- 
ing surfaces of the canal wall. 

It is evident that the new growth may consist of either 
skin, cartilage, bone, or a combination of these elements, 
and that occlusion may be complete or only partial. In 
the cases of osseous septum the plate is never quite com- 
plete, and careful search will usually reveal a channel 
through which a fine i)rol>e could be passed. 

Symptoms. — Most of these [latients appear seeking 
relief for a unilateral deafness; some, especially of the 
stenosis type, are discovered when they apply for treat- 
ment of a long-existent otorrUcea, All, except a few of 
traumatic origin, give Uie history of former middle-ear 
sujipuration, which ceased with or without treatment, and 
was followed in time by deafness. This may be the only 
subjective sjTiiptom, but occasionally there is pain in or 
about the ear, commonly in front of the tragus, or else 
there ia complaint of frequeilt attacks of earache. In a 
few instances retained pathologic secretions have sought 
an outlet through the mastoid, and, by infection of these 
cells or of the important neighboring structures, carried 
the more pronounced sjmptoms to another region. 

Inspection by the aid of the speculum and good illu- 
mination shows the cause of trouble. Wlien the atresia 
is due to obstruction near the external orifice, there may 
be merely a shallow depression to indicate the site of tlie 
meatus. If deejier, the canal will be, most likely, funnel- 
ebaped. Purely cartilaginous or epideraal septa are much 
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mvn ttvqiaaA tlMta tbe rariely containing bone, and are 
often locMtBd aft « dtaUnre from tiie outer end of tlie canal, 
vhiofa in its extenid p o rtioB has an andiuiinislied caliber. 
()n the vthtT hand, tbert may be a general thickening of 
the valK with oalr a aiaMle pwtaiggway. or. more oom- 
ma^jr, aa imgiBlar nitatliw «f flie lumen by the vari- 
«U» 8v«illiB|t of d MfmM portiwin of the wall Aeeuinu- 
taftioa of imiimw. MMtiMBS auxed with desquamated 
tfitlwlinin. ia a ataMaad oaaal my, by inducing deafness, 
UaaitH;. or )>aia. first (aD attcalicin to tbe existence of an 
iteamal ncalKis Profoand imHaees to aerial sound 
wdac ti wa w aatardUtr tssptttti vitfa complete atresia, 
JT< t«« caews ar» wy wrt wl ia vineii fairiy good hearing 
pcnrmr raaauMl iu s{hIv of K«lal lalatafal atresia satisfac- 
tarily d ta w Bt t at t d to be^ oesiraas ia dnraeier. 

Progvosis,— ll is nmfwtant to ddermine the exact 
aafeare of tW ohstnwtMk siac^ tl» boay ocdaaoos offer 
wmA ^im l u ijMlmHios ia tke ««y of treatmeat than do 
tkwv of raitihuiaaan fcnaafia*. Aa effMi anst be made 
aiao to aw^rtiia tiw> pTohaMt twrittim of the capal beyond 
Aa iilufaaiUiiaL yMtw aiaily vkctt atrv!>ia occaiTe>d in 
tUAoodi, as liaw mmf hKf bm anwtod dev«lopnient 
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matter of facilitating a comijlete examination and partly 
as treatment. This may demand both time and ski]], in 
order to accomplish the pmi^ose witlioilt disconifort to 
the patient, as such ears are occasionally very sensitive. 
Medicinal ai)i)lications intended to promote absorption of 
the by]>er]ilastic tissue have been tried repeatedly in ste- 
nosis cases, but, as might have been expected, without any 
appreciable effect. If the canal be generallj' constricted, 
much good can be accomplished by the long-continued 
wearing of cotton or gauze plugs or of small rubber tub- 
ing, to exert constant pressure on the swollen walls. The 
absorbent jilugs may be saturated with an ointment con- 
taining iodine or potassium iodide, to secure whatever of 
beneficial action may be hoiked for from the eniplojanent 
of drugs. Greater benefit may be expected from the rub- 
ber, if judgment be used in selecting it of suitable size for 
the canal to be treated. Its caliber needs to be sligtitly 
larger tlian that of the contracted meatus, so that the ex- 
pansile quality of the nibber tube will be kept constantly 
in play. By first stretdiing the tubing over a probe ap- 
plicator it can be readily introduced to the desired extent, 
and upon withdrawing the probe the rubber contracts as 
far as possible toward its normal state. 

More radical surgical measures are necessarily indi- 
cated in the treatment of atresia. The advisability of 
operating must be carefully considered in each case; the 
hearing power by bone conduction must be carefully 
tested, and the probable condition of the tympanum con- 
sidered. If there be a reasonable hope of restoring some 
part of the hearing, an operation is justifiable, otherwise 
it is not. If the patient be an adult, and the histoiy shows 
that the atresia originated during early cluldhood, an ab- 
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normal condition of the middle car or inner end of the 
meatus may be expected, and, even in cases where the 
occlusion lias resulted from a chronic suppurative process 
of a later period in life, it is to be feared that there were 
associated morbid changes affecting the deejier structures. 

Where the occlusion is due to a septum of fibrous tis- 
sue, it may be overcome either by complete resection of 
the obstnicting mass, or, wlien of delicate structure, by a 
crucial division of the partition. The difficult features of 
the problem are encountered in the effort to maintain a 
jiennanently free canal. After the crucial incision, re- 
union of the flaps can be prevented only by the insertion 
of some form of stylet, to be worn for an indefinite period. 
Exuberant granulations should be kejit down by repeated 
cauterization. It would seem to be better surgery to dis- 
sect away the entire membrane whenever possible, and to 
prevent its recurrence by cauterizing the exposed ring of 
raw surface, or by seeking to cover this denuded area 
with epithelium from the neighboring portions of the canal 
or from skin grafts. This latter plan, first suggested by 
Gifford,' does not seem to have been tried very often, but 
has been unifonnly successful. It is to be especially 
recommended in all cases where considerable portions of 
the wail have been left denuded by extensive resection. 
The formation of a triangular skin flap tlirough the atresic 
ring, curetting out of the subcutaneous tissue and reposi- 
tion of the flap, affords another satisfactory method. 

A simple method of operation in cases of partial or 
complete .membranous atresia of the external auditory 
canal, such as occur as the result of bums, mechanical 
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injuries, or in eonsequenee of suppurative inflammation 
of the middle ear, consists in incising the atresic ring, 
which should first be centrally perforated if the closure 
of the canal is complete, carrying the incisions, two in 
nmnber, from the same point within the ring divergently 
outward, and tlien peeling the triangular skin flap thus 
formed outward by means of a small curette, holding it 
in its inverted position by means of the speculum, or a 
flat probe, and then curetting away the subcutaneous basis 
of the ring, mainly cicatricial and secondary granulation 
tissue, down to the periosteum or bone; this having been 
done, the triangular flap should be replaced, and retained 
by light packing. 

Wliere it is desirable to effect more than a partial 
removal of the atresia, other flaps may be made in the 
same manner, or an annular incision made within the 
atresic ring by means of a small knife having a triangular 
blade at a right angle to the shaft, similar to but stouter 
than the middle-ear knife for tenotomy of the tensor 
tjTiipani. 

The resultant angular skin flap should then te turned 
outward, the subjacent tissues curetted away, and the skin 
flap tunied inward, pressed into place, and there retained 
by the introduction of a piece of thin rubber or metal or 
stout i^aper tubing. The turning of the annular flap out- 
ward is facilitated by one or more incisions made length- 
wise of the external auditory canal. 

If the occluding mass be partly composed of osseous 
tissue, its removal is a matter of greater difficulty and the 
prognosis is much less favorable; indeed, the small num- 
ber of such oj>erations that have been recorded in medical 
literature would seem to indicate a nearly hopeless pros- 
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pert Tbe drill, gmlvaDocsnfery, or chisel and gouge will 
serve to gei rid of the |«rtiUon of bone, and, having 
effwted the formalMii of a new canal, skin flaps from the 
cmmd vail isdioald be toraed in. or Hiiersdi grafts intro- 
dnty^l U> cowr and protect tbe exposed surfaces. The 
grafts beiBg proivrir placed, a bit of glass or rubl^er 
tubing b iBscrtod in die canal and the ${\ape between this 
and the walls ttM with sotue antiseptic }towder. By the 
aid of brtter plastie awg » i% , more satisfactory results 
Hj i h t c<prtainly to »<r«tvd in tbe fatnre than have been 
g t ma Uy olitalned in tbe past 
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is located near the site of the proper tympanic membrane, 
but differs from that and from the epithelial cast above 
described both in apjiearanee and in structure. Probabh' 
formed by the union of granulation tissue springing from 
opposite sides of the canal, and being vascular, it may 
\year a striking resemblance to the normal membrane. In 
such cases there is usually extensive or incomplete de- 
struction of the true membrane, and some assistance in 
diagnosis may be obtained by autoinflation of the tym- 
panum, the false membrane ballooning out under the air 
pressure. 

Treatment. — Since a false membrane acts as a bar 
to admission of sonorous waves, and thus retluees the 
hearing, its removal is generally indicated. Resection of 
the entire tissue, followed, if necessary, hy repeated cau- 
terization of the hase to prevent the organization of fresh 
granulations, constitutes the best method of treatment. 

MALIGNANT TUMORS 

Cabcinomata. — In the jiresent unsatisfactory state of 
our knowledge concerning the {etiology of cancerous 
growths we cannot do better than adojit Sean's definition 
of carcinoma as " an aty]>ical proliferation of e]iithelial 
cells from a matrix of emhi-yonic cells of congenital or 
postnatal origin." This tells practically all that is now 
known of the beginning and growth of tliese tumors. 
Wliile much has been written lately of the possibility of 
these growths being due to a microbic infection, the most 
competent judges liave not been satisfied that there is any 
solid basis for the germ theory. It has neither been 
proven nor di8]>roven, and there is, perhaf>s, a reasonable 
possibilitj" that the near future may bring forth some im- 



96 DISEASES OF THE AITIICLE 

portant development in support of this view, but at tlie 
present time we cannot consider it as having any jiractieal 
bearing upon tbe aetiology. That heredity is often a fac- 
' tor in the production of cannnoma is generally admitted, 
bnt it is by no means a necessary agent. Injnry or pro- 
longed irritation, age, climatic infloences. and jMjssibly 
microbes, play a part in the causation. 

Pathologically, the most important feature of car- 
cinoma is tlie presence of masses of epithelial cells im- 
bedded in a vasealar connective tissue and smroundetl by 
an area of small-celled infiltration, the infiltrate consisting 
of leucocj^tes and small, young ei>ithelial cells. The wan- 
dering of these small cells into the lym])h spaces, and 
thence to the glands and general hiiiithatic system, is the 
means by which carcinoma spreads, and we are reminded 
at once of the great importance of removing not only the 
evident swelling, but a considerable area round about it, 
and all the neighboring ghinds. 

Microscopically, the ejiithelial cells always have 
the characteristic apjiearance of epithelial embryonic tis- 
sue, since in this abnormal new formation they never reach 
maturity. About the ear we have to deal chiefly with the 
squamons-celled tyi>e, which never grows as rapidly as 
the cylindrical or glandular cell forms, and is consequently 
more chronic and less virulently malignant than carcinoma 
in other situations. 

The diagnosis of carcinoma of the auricle is not 
always easy, and while it must be constantly watched for, 
it umst not be confused with tu{>us or syphilis. The con- 
dition of tlie glands may assist very materially in tbe 
diagnosis. In carcinoma the neighboring glands only are 
enlarged and hard, while in guumia the glandular swell- 
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iDg is apt to be more general and naore tender on pres- 
sure. In a case of doubt — and a case lias been seen where 
an expert deniiatologist could determine it in no other 
way — there is justification in postponing ojieration until 
a course of aiitisyi)hilitic treatment lias been fairly tried. 
A small piece of tlie growth may l«? taken for microscopic 
examination, but it should be remembered that it is pos- 
sible to make a serious mistake if this method is relied 
on solely. A small section may just miss an area of 
epithelial cells, and catch only what a^ipears to be a 
granuloma, hence a negative finding is not jiroof that 
carcinoma does iiot exist. The finding of true carcino- 
matous tissue, of course, leaves no room for doubt. 

Sabcomata. — Of infrequent occurrence under any cir- 
cumstances, sarcoma practically never makes its appear- 
ance about the auricle in adult life, ,Tust the reverse is 
true of carcinoma, which is rarely seen in persons under 
thirty years of age. It is, too, the representative of the 
malignant growths of the connective tissues, or tissues of 
niesoblastic origin; hence the opportunity for its occur- 
rence is limited about the auricle, where this type of tissue 
is represented in the main by cartilage. Injuries to the 
lobule sometimes result in tumor formation, that at first 
may be fibromatous in character and then undergo a sar- 
comatous degeneration. Occasionally a sarcoma appears 
in the auditory canal, beginning in the bony wall, but, 
white it is essentially a tumor of niesoblastic origin, it may 
verj' readily invade tissues of epiblastic origin. 

Pathologically, different varieties of sarcomata may 
be distinguished, according to tlie character of the pre- 
dominant connective-tissue cells in the growth. Thus, 
there is the spindle-celled sarcoma, in which the character 
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of the tumor is decided by the numerous enihryonic con- 
nective-tissue cells of spindle shape and having a large 
iiucknis; the small round-celled sarcoma, named from the 
jtreMciit'e of nuuicrous round cells resembling the cells of 
gnnmlnlion tissue, Imt distinguished by their large nucleus 
euiitjiiiiiug iin abundant supply of chromatin; the giant- 
oelh'd sait'uitiH, wliich, as its name implies, presents a 
group of very large cells with multiple nuclei ; and, finally, 
n mixed-cell sarcoma, containing more than one of the 
above fcatiin's. In all there is a grouping of the eaneer 
cells nbunt the blood vessels. The round-celled type is 
the one that has been generally notetl in the sarcomata of 
the external ear. 

What has Ijeen said of the aetiology of eareinoma ap- 
plies eciually well to sareoma. Some influence is required 
to stinnilate into activity tissue cells, or to iutroduce, by 
tranmatisni, a postnatal matrix of granulation tissue, which 
in-octH-ds to active (irolitVration, 

l>iagnu»is.— This may In? made from tlie history of 
the growth, and its appearance, but an absolutely certain 
diagnosis depends utH>n uiicroseopic examination. Aside 
from considering the age of the jmtient, some assistance 
may be found in ascertaining the manner in which the 
tumor made its tirst ain>earauet>, whether it began as an 
ulcer of the skin or as a lump under tlie skin, The fonner 
wouUl, of tH)ui-se, iM)int to carcinoma. As a rule, sarcoma 
grows more rapidly than carcinoma. 

The prognosis depends entiivly upon the possibility 
of complete removal of the tumor and any local exten- 
sions, and the atisence at the time of any metastases. The 
last point is tlifficult to jirove in any case, but the earlier 
the patient is seen after the fii'st symptoms of new growtli 
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have appeared, the less is the liability of absorption into 
the general system having taken place. 

Treatment.— This consists in the prompt application 
of surgical measures, and these are to be instituted only 
when there is a reasonable pros)>ect of being able to eradi- 
cate the entire growth. In order to do this, it may lie 
necessary to remove Uie entire auricle, together with the 
caj-tilaginous wall of the external canal. The small post- 
aurii'ular glands should be carefully inspected, and, if 
ueces.sary, removed. No definite operative technique can 
Ije given, each case requiring treatment according to the 
location of the tumor and the amount of tissue involved. 
The rules of plastic surgeiT apply, and every effort must 
he made to cover the denuded jiarts with healthy skin by 
flaps or by Thirsch grafts. The after-treatment will be 
as important as the oi>erative procedures, and constant 
care must he taken to ]irevent a recurrence, the knife or 
actual cautei-y being called into requisition if needed to 
destroy any exuberant granulation. Keciirrent and in- 
ojjerable cases may be subjected to treatment by the Ront- 
gen rays, and some benefit expected, but at the present 
moment there is no positive proof that pemianent cures 
have resulted from this measure, except wlien used upon 
superficial epitheliomata. 

FOREIGN BODIES IN THE EXTERNAL AtJDITORY CANAL 

An attempt to enumerate the various objects that have 
been found in the auditory canal would be an unprofitable 
task, albeit the resulting list would constitute a very large 
and interesting collection. All kinds of inanimate bodies, 
from pins and liutttms, seeds and onion tops, to glass 
beads or wooden halls aud lead bullets, and a collection of 
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nnitiml lif»' varying from maggots to cockroaches, have 
Ik'i'Ii ii'|itirtf(l. In the vast majority of instances coming 
iindtT our ohHi-rvation the fortngn substance has been pur- 
jioM'ly introtJui-ed into the canal, sometimes by children 
in (ht* foni w of phiy, oecasionally by adults in their effort 
to treat an ennu'hc or tootharhe. The presence of the 
iuMt^ctx ii» nsmdly due to the awidental flying or wander- 
ing in iif I'ugs, or to the develoimient of the larva; 
iif Ilit'M in the (irodiu'ti* of an existing purulent otitis 
uitnliti, 

Sym]>loni8.^ — IVjiendent ujM>n the eharaeter of the 
f«ir%>iKi) suKstamv intriHlumi into the canal, the nietlio<l 
of its intnHhtetion and the amount of injury produced 
llH»n'by» the sulv«vlive ainl objtt'tive sjnnptoras vary 
wiiWy. Slmr)>-)KHUtMi or i«ssed objects driven in for- 
I'iWy, w n^rmetiw ohemicab, may ranse serious injury 
U» lUe e<ww*l wall or ttv the t>^u^>•mc mentbrmne, and the 
iuf^-liw iutlHuiuuittHUi that so ftcqiMfttlT follows such 
tnnuuia i<4Ui IvkhI to ^iaertowis eonwqvoMn. In these cases 
i« « nvitrkvx) fetiturv. ^lore cobumhIt the oflTeuding 
o^jM>t is 4Af «B inmowal Mtsnv 9mi trntem bo gtcat trouble 
»Y«« whea Ke^ in (>lai-<e fur a bait iwrtod Interference 
mittk hwMWHK viU dh yw wi m m> A a|MA liie dcgrw of occla- 

Mtlofy wrtHiift, or IW WMWfe of Imtm done to 
Ifco <ibr«» HMfBihnaw wi qe8ich8>. uwrta in the car 
My w%-ttMott sviMtfe <lje«««ifkMt lfc M « »h cravfiois ^ 
WMi li w mmhwawi. oe mtt ftefem^ ttmr ^wtmrhn into 
ift. yn w wtilwn t » wi»i Wwiw hay» bwa wfawi fur 
a bait towi. ^ailfciMifc <t»»Hii» any jto»et tow! A ihiila«rMi, 
wilS ba M8|N»a»fiU» tor Ntt»x fi ha mmnm m of va 
aail iiiigffiiiii> md ^uitu pvn»i^ut ia dt o aclM L 
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Diagnosis.— It will not do to accept the statements 
of patients or friends that there is a foreign body in the 
ear. A child may claim to have inserted something, or an 
adult may know that an object was accidentally intro- 
duced, and yet careful search will reveal nothing, the 
object having escaped from the ear unnoticed. Too often 
the blind ertdeavors of a careless, ignorant physician to 
extract a supposititious foreign body have led to mischiev- 
ous results. In every instance the first step, after hearing 
the histoiy of supposed existence of a foreign body in the 
canal, should be a careful examination under bright illu- 
mination. Great swelling of the walls may render an 
investigation difficult, but having determined that a for- 
eign, body is present, its location should l>e estimated as 
accurately as possible, especially with relation to the 
tymjianum, as well as its character, size, form, and 
density. 

Prognosis, — Removal can almost always be success- 
fully aceomiiHshed, and if important structures have not 
been injured by the entrance of the object, or by ill- 
advised efforts at its extraction, there should be no dam- 
age to function. Wherever the transmitting apparatus has 
been wounded, or infection set up, the possibilities of 
danger from such sources must be considered. A review 
of reported cases, as well as personal exiwrience, teaches 
that far more serious effects have followed unskillful 
efforts at extraction than have ever resulted from the 
introduction, or mere presence, of foreign bodies in 
the ear. 

Treatment, — In a vast literature on this topic, all 
writers agree that the safest and most successful instru- 
ment to be employed is the syringe. '\^niile there may be 
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R[)ec'ial oceasioDA, owing to the peculiar character of the 
object or it« jwsition, when a skilled physician would be 
justified in app^ling at once to other instminents, it may 
be declared a general law, applicable to the specialist and 
novice alike, that a thorongh, painstaking nse of the 
syringe should precede any oiierative measures. Tliere is 
room for much ingenuity in the emplojTiient of the 
syringe, and, when displayed, a satisfactory result will 
often obtain where a fruitless outcome seemed imminent, 
or wbert* failure had attended its use by less skilled bands. 
Simply forcing fluid into tlie canal does not meet tbe re- 
quirements. The Ijest means of getting the water beyond 
tbe objet-t must be considered, in order that the return 
flow may exert the greatest influence in dislodging the 
object. At times this may be aceom))lished by the aid of 
a sjjecial nozzle, one that will inject a flat, ribbonlike 
Htream along the canal wall. Made to fit tbe ordinary 
syringe, tbe nozzle is flattened near the tip and curved on 
tbe fiat 80 as to adapt it better to the shape of the canal. 
The same syringe is also serviceable in dealing with a 
dense ceruminous plug, tending to force a channel along 
the wall instead of tlirough the central portion of the 
iruiHt*. 

When i>ersistent syringing fails to remove the obstruc- 
tion, it is necessary to resort to physical measures per* 
initling tbe more direct exercise of force upon it. The 
choice of an instniment will lie determined largely by the 
conditions confronting tbe operator in any jiarticnlar case. 
The blunt book or wire snare may be u.scd for hard suh- 
Htanccs, and the toothed forceps or slender bullet forceps 
for more onsily penetrable bodies. As a general thing 
fortwjm are to be avoided, unless the foreign body is in 
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the (cartilaginous portion of the canal, or until it has been 
brought there by other means, or unless the object is 
known to be of such a nature that it can be surely grasped 
and held by the blades. The danger lies in the jiossibility 
tliat in trying to close around the object it may be pushed 
deeper into the canal. 

A small grou}) of cases remains to which these meas- 
ures would not be applicable or in which failure has fol- 
lowed their trial. Here success can usually be attained 
by reflection forward of the auricle by a long curved in- 
cision over the -mastoid, and, when necessary, cuttiiif? 
through the posterior bony wall of the canal and exterual 
wall of the attic, as in the operation for tympanic exen- 
teration. In the case of bullets which have spread at their 
inner end, a channel in the bone should be chiseled of 
sufficient diameter to pennit their extraction with the use 
of mechanical force. 

ACUTE CIRCUMSCRIBEn INFLAMMATION" OF THE EXTERNAL 
AUDITORY CANAL (FURUNCLE) 

A furuncle, or boil, may be defined as a conical or 
hemispherical inflammatory nodule arising in the deeper 
layers of the skin and subcutaneous tissue, inclosing a 
central slough or core, surrounded by a mass of exudative 
matfrial, pus, cells, and serum. P\irunculosis of the ex- 
ternal auditorj' c«nal being seen most frequently during 
the spring or autunm months, has led some writers to 
speak of the disease as appearing at times in epidemics. 
Such an idea can hardly be seriously entertained, how- 
ever, and the probable exjilanation of the greater number 
of cases occurring at such times is found in the simple 
fact that most people show their lowest state of vitality 
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during those seasons, and are tlien least able to resist any 
sJiglit infection. 

FnniDcle is always of bacterial origin, but as yet no 
specific organism has been isolated, although numerous 
attempts at so doing have been made. It would ajipcar 
from published reports that any of the pyogenic organ- 
isms might be causative agents, and several have been 
frequently found mixed in one culture. Thus Lowenberg 
found the Staphylococcus pyogenes albus in every case but 
one of those examined by him, but in the majority of cases 
Staphylococcus pyogenes aureus or citreus was also pres- 
ent, most frequently the former. Other observers have 
found the Staphylococcus aureus to be the bacterium con- 
cerned in the great majority of cases. The difficulties in 
obtaining an uneontaminated culture from such an inac- 
cessible region as the auditory canal must be borne in 
mind, but the above findings are very suggestive wlien 
considered in connection with the discovery of Dr. Welch, 
that the skin is the constant habitat of one variety of the 
staphylococcus, to which he gave the name of Staphylo- 
coccus e[)idermidis allius. This organism can almost 
always be found in the deeper parts of the corium, in the 
hair follicles and sudoriparous glands of normal healthy 
skin, and it is in just these positions that boils originate. 
Any other bacteria may, of course, reach the same loca- 
tion by traversing these channels from their openings on 
the skin surface. 

While bacteria undoubtedly jilay the leading part in 
causing this acute inflammation, the influence of certain 
secondary etiological factors must be admitted, especially 
if it is assumed that the skin coccus is an important one 
of these germs. Such factors are, a general dyserasia 
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with predisposition to inflammatory trouble of this char- 
acter, some underlying cause timt favors suppurative 
jirocesses, or some form of mechanical irritation to act as 
an excitant. The existence of a slig^ht dermatitis of the 
panal, leading to the habit of scratfliing or rubbing the 
surface with foreign bodies, is a not infretiucnt precedence 
to attacks of furunculosis. 

Symptoms. — The first to be noticed and, throughout 
the course of the affection, the prominent subjective symp- 
tom is pain. This is always severe, and in some instances 
excniciatingly so, tlie patient being unable to sleep or rest. 
Loss of ajijfetite, general malaise, and constipation are 
usually notim], and there may be some febrile symptoms, 
although the temperature seldom rises more than one or 
two degrees. The bearing is diminished in direct propor- 
tion to the obstruction of the canal or the presence of 
myringitis from extension. 

(tbjectively, the early stage is marked by a localized 
inflamed spot which is exquisitely tender ; the second stage 
by circumscribed swelling of a conical shape; and the last 
stage by nipture of the boil and the outflow of pus, with 
a craterlike o(iening in the apex of the swelling. Sub- 
sidence of the tumor follows ver>' shortly after the abscess 
has discharged freely, but the course of the inflammation, 
from commencing swelling to spontaneous rupture, covers, 
on an average, a period of six or seven days. The severe 
pain ceases completely, or diminishes gradually, after 
ojieuing of the aliscess either by rupture or puncture. The 
most common site for a furuncle is on the floor or on the 
posterior wall of the cartilaginous portion of the canal, 
not infrequently on the inner surface of the tragus. Two 
or more may be ijreaent at the same time, and if they 
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occupy opposite locations they not only soon occlude the 
canal, but produce increased jiaiii by the pressure of their 
opposing surfaces. Involvement of the deeper tissues is 
unusual, but such a possibility must not be forgotten, and 
necrosis of the osseous external auditory canal wall may 
be a serjuel. 

Diagnosis. — In general there is no difficulty in recog- 
nizing the true state of affairs, but occasionally there is a 
confusing picture. From the history of pronounced pain 
in the ear and loss of sleep, either a boil or middle-ear 
inflammation may be at once suspected. The diagnosis 
can often be made as soon as the auricle is touched and 
before the speculum is inserted, by the wincing of the 
patient when this is attempted. Any nianiiralation of the 
auricle is attended by stretching of the cartilaginous wall, 
causing sharp pain if a furuncle be present iu any part 
of the canal, while in a case of otitis media no such effect 
is produced. The swelling may render it impossible to 
view the tjTnpanic membrane, which niight give evidence 
of a coexistent otitis media that has not yet reached the 
stage of sujijmration and rupture, but which is account- 
able for iiart of the discomfort. In furunculosis there 
is often swelling of tlie lyTUiihatie glands in the neigh- 
borhood, and those about the mastoid tip and angle 
of the jaw are apt to be verj' seasitive to pressure. 
In some such cases, especially if there be axlema of 
the mastoid region, it is possible to mistake this for 
evidence of mastoid disease. It is often possible in 
furunculosis to get tenderness, by pressure, over the 
mastoid process, but this is due to disturbance of 
the auricle and canal wall, not to direct pressure on 
the bone. 
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Prognosis. — Relief from pain and healing of tlie 
lesion usually follows rapidly upon the institution of 
projjer treatment. There is a strong tendency to infective 
recurrence, and local antisepsis as well as constitutional 
treatment may he required for a prolonged period. 

Treatment. — Antiphlogistic measures consist of local 
depletion hy means of the artificial leech, applied just in 
front of the tragus or just over the tip of the mastoid 
process, and the application of ice to the posterior surface 
of the auricle. 

Heat, properly applied, tends to relieve pain and ad- 
vance the period of suppuration. Dry heat can he applied 
hy means of the Japanese wanning hoxes, wrapped in a 
napkin and held in place by a bandage over the head, or 
by resting the head on a hot-water bottle or warmed i>il- 
low. The general aj (plication of moist heat should Ije 
avoided, but the canal should be frequently irrigated 
with hot water, and stoi)ped with dry cotton in the 
interv^als. 

In default of irrigation and dry heat, the canal should 
be dressed with a light cotton wick saturated with car- 
bolized glycerin. Phenol is not only antiseptic, hut ames- 
thetic, and is quite absorbable by the skin. A good 
preparation is the camphor-phenol, made by combining 
fifty-five parts of pure gum camphor with forty-five parts 
of carbolic-acid crj'stals. Fain may he so severe as to 
demand the administration of morphine. Tonics and rest 
are indicated in all cases. Wlien appearances point clearly 
to the presence of pus, the use of the knife is indicated. 
Experience proves that in many, if not in most, instances 
eflforta to abort the process are destined to failure, and 
that an early operation is really the most conservative 
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treatment, in that it saves the patient hours of diseonifort, 
and secures a quicker cure with less danger of a siiread- 
ing aflfectioD. In either event, when operation is deter- 
mined upon, the endeavor should he to make a clean, deep 
inciaion, with an opening large enough to permit the easy, 
free, and comjilete evacuation of the infiammatory con- 
tents. For this pur]iose a strong, shar]i, narrow blade is 
required. The auricle and external canal should he 
cleansed as thoroughly as possible by such scrubbing as 
is pennissible without increasing pain. Local anaesthesia 
may be etTected by means of the chloride of ethyl spray, 
or, as the operation is of short duration, the use of nitrous- 
oxide gas or primary etherization will suffice. The loca- 
tion of the boil should be carefully detenuined, and the 
incision made by plunging the jjoint of the knife to its 
depth and enlarging the incision as the blade is with- 
drawn. In some positions of the boil it will be necessary 
to use the edge instead of the point of the blade to make 
the first cut, but, whenever possible, the operation should 
be made comjdete at one stroke. After cessation of con- 
comitant bleeding, moderate pressure on the swelling with 
a firm probe will often assist in discharging the core or 
inflanmiatory debris. The canal should lie cleansed by 
irrigation, and the swollen tissues, esi>ecially the ojien 
wound, mojiped with camphor-phenol, carbolized glycerin, 
or pure carbolic acid. Such an ap[)lication destroys all 
the microbes on the surface, and eliectually prevents in- 
fection of the neighboring parts. A cotton or gauze wick 
soaked in carbolized glycerin or cam]>hor-phenol should 
be inserted into the canal, and whatever constitutional 
treatment or hj'gienic precautions seem advisable should 
be prescribed. A fresh dressing will be required in from 
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twelve to twenty-four hours, and may have to be repeated 
once or twice a day for several days. Where it is impos- 
sible to see the patient so frecjuently, an antiseptic wash, 
applied by means of a soft-rubber syringe, should be 
ordered for use twice daily, after removal of the first 
dressing. 
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MaEAOES OF THE TYMPANIC l(E]CBBA3v'E AXD 

riMPA-MTM 

Thje iseoj* of this work bemg limited to tbe surgery 
of the ear, it its ueiiher exiJedient nor desirabk' to enter 
UJXIJ9 a compU^ and exhaustive oonsideratioii of all tbe 
various afl'«<'tjoii8 of tliat organ. Here, as in the preoed- 
iiig t'liHpUir, atteutiuij will be given only to those diseases 
wliit'h may, at wme stage of tlieir career, claitn or demand 
ojKfralive juter\'ention- For a full review of the etiology, 
progreM, and niedirinal treatment of such affections, and 
disHertatioiiH ui>on Buch abnormalities, injuries, or dis- 
emen of the tiiiddle ear as rarely, if ever, re(]uiro surgical 
attention, the reader is referred to the many excellent 
treattKCfl on diseai«« of the ear. It would not, however, 
seem sufficient sinijjy to describe the several ojjerations 
jwrfonned in this region without first having presented 
ttome eoneiwi statenient of the conditions which necessitate 
their enii>loyrnenl and the ijodications whieh deteraiine 
their applicability. It is, in consequence, deemed advisa- 
ble to (jITer first a brief essay on eat'li of these affections, 
UH viewed by the Hurgeon, and to follow with a specific 

dt-'tailed account of each operation, 
no 
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INFLAMMATIONS OF THE MEMBRANA TYMPANI 
(Mi/ringitw Acuta et Chronica.) 

Owing to tlie similarity of the pictures presented by 
acute iuflainraation of the tympanic membrane alone, and 
by acute inflammation of the tjTupanum with involvement 
of the membrane, the former condition probably often 
fails of recognition as a distinctly limited process. The 
histologic structure of this membrane, and its peculiar 
anatomic jwsition as the partition between the external 
auditoiy canal and the tympanic cavity, and the relation 
of its blood su]>t)fy to that of botli the middle and external 
ear, render it peculiarly liable to inflanmiatory affections 
spreading from the walls of the canal, or of the tym- 
panum, through direct continuity. Its structure comprises 
four distinct layers of essentially different tissues. Ex- 
ternally, the epidermal and dermal layers are directly 
continuous with the same lining membranes of the exter- 
nal canal walls. Medially is the basic portion of the 
memljrane — the substantia propna — a double layer of fib- 
rous tissue firmly attached to the annulus tymjianieus and 
to the malleus handle, and finally, internally, is tlie stratum 
of mucous membrane that forms part of the general pouch 
wliicli passes from the nasopharynx to the tympanolaryn- 
geal tube and tJ^npa^ic spaces. Invasion of tlie dermal 
and mucous layers by the extension of jiatbologic proc- 
esses from contiguous similar tissues is quite coiinnon, but 
it is only the not infrequently acute primary infection, 
limited to these portions of the membrane, which will he 
considered at this time. 

Aetiology.— In many instances it is not possible to 
ascertain the active agent in the causation of an acute 
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ulceration of the dermis, or to the perforation of the 
whole membrane. 

When involvement of the tympanic membrane has 
occurred, through direct extension from the external audi- 
tory canal of an eczematous in0ammation or a diffuse 
otitis externa, only the derma, as a rule, is affected, and 
the process is limited to hypei-annia and infiltration of 
the tympanic membrane and exfoliation of its epidennis. 

Should the disease he more severe, and a superficial 
ulcerative process continue for any length of time, granu- 
lation tissue is prone to ajipear on tlie surface of the 
membrane. 

Necrotic perforation of the membrane is more likely 
to occur in those cases in which the entire structure has 
been invaded by an active pyogenic organism, no matter 
wliether the invader entered by way of the extenial canal 
or the tympanum. Repair is brought about by the cast- 
ing off of detritus, the absorption of inflammatory exu- 
date, and tlie formation of scar tissue to replace that 
which has been destroyed. 

In the chronic form, where nutrition of the tissues, 
especially the central layer of the membrane, has long 
been interfered with, calcareous degeneration of small 
areas is fretiuently di-scovered after healing is complete. 

Symptoms. — Wlieu observed in the verj' earliest 
stages it will be noticed that the congestion begins along 
the handle of the malleus and the peripheral portions of 
the membrane. As the inflammation progresses, the hyiwr- 
ipmia gradually extends in all directions until tlie entire 
membrane is reddened and swollen and the usually dis- 
tinct landmarks are obliterated; tlie light cone is first lost 
to sight, and soon tlie definite outline of the handle and 
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short process of the malleus are ohscured. One or more 
hemorrhagic spots may appear, from the effusion of blood 
under the dermal layer, or, if a coUeetion of pus be 
foniiod in a similar locality, yellowish bulla? or pustules 
will be Been. It Ib always difficult and often impossible, 
unless they are very much circumscribed, to say whether 
such bulgings of the membrane are limited to accumulated 
set'retionw within the tissues of the membrane itself, or 
whether they reiiresent larger collections in tlie cavity. 

The siihjef'tivc symptoms are a sensation of fullness, 
tiniiilu«, and pain, Ihe latter sometimes very severe and 
nidiiitiiig (ivcr tlic wliolc side of the head. The pain is 
usually coiitimious luilil spontaneous rupture of the pus- 
tuU'H, or tlieir incision, relieves the tension, but occasion- 
ally it will hi' paroxysmal or intermittent. 

DiagnoBiB. — It will be gathered from what has been 
said timt a positive diagnosis can be made only when in- 
Hpeclion is permitted in the early stage of the inflani- 
iiinliiiy proceHs. Later on it becomes a diflScult matter 
to dcleniiine with jirecision whether the condition is toy- 
ringitis or otitis media. The appearances of the mem 
brane are the same in both affections, and the subjective 
symptoms are in the main alike, but the diagnosis may 
occ«Hioii»lly Imj made on the basis of hearing tests. In 
myringilis the hearing is but slightly if at all aiTected, 
while in otitis tticdia there is usually a distinct rise in the 
lower tone limits; the presence of an exudate in the tym- 
panum, by hampering the movements of the transmitting 
ap}>aratn.M, impairs its function to a far greater extent 
than does the mere thickening of the membrana vibrans. 

Prognosis, — If promptly recognized and properly 
treated this affection is short-lived, the natural tendency 
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being to sijontaueous recovery. Sometimes, owing per- 
haps mainly to impoverished general health, an ulceration 
of the membrane results and polypoid tissue grows there- 
from, or the infection invades the middle ear and opens 
the way for all the complications of suppurative otitis 
media. Persistent and sluggish ulcers of the membrane 
are much more prone to occur with chronic diffuse otitis 
externa, or with one of the fungoid infections of the caual, 
however, than 'with an acute inflammatory invasion by 
pyogenic organisms. 

Treatment. — The purely medicinal remedies that may 
he employed, particularly in the early stages of the affec- 
tion, will not be discussed here. Antijih logistic measures, 
topical applications for the relief of pain, and the em- 
ployment of agents for the promotion of absorption of 
inflammatory products, all have their proper place in the 
treatment, and, if used at the favorable moment, sei*ve a 
useful purpose. Two surgical measures may be called 
for: local bloodletting to check the progress of inflam- 
mation, and iiaraeentesis, for the evacuation of serous 
or purulent effusions. The first indication is met by tlje 
application of the leech in front of the tragus, and the 
second by a clean incision into the bulging area or bulla. 
If it is evident that the bulging rei>resents an effusion 
into the tissues of the membrane, and not an accumulation 
in the tympanum, partial i)aracentesis should be carefully 
performed to evacuate the secretion, without perforating 
the entire thickness of the membrane and thus endanger- 
ing deeper stnichires by infection. WHien in doubt, per- 
form a complete paracentesis. It i.i not to be understood, 
however, that incision of the membrane is recommended 

only when bulging thereof is apparent. Here, as in general 
9 
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cellulitis, an early cutting aiTords relief from pain, re- 
duces the hypera'mia, checks the inflammatory advance, 
and proves itself a conservative measure in that less tissue 
is destroyed than would result from nature's effort at 
relief, and more rapid healing ensues. As in tlie case of 
acute suppurative otitis media, doubt may arise as to the 
proper moment to institute surgical intervention. A good 
working rule to observe at such times is, that one errs, if 
at all, on the safe side when he decides to cut. A properly 
performed, clean paracentesis practically never causes 
trouble, and frequently does great good, while delay may 
favor a itrolongation of the disease, resulting in great 
destruction of tissue and inijiairment of hearing conse- 
quent upon the formation of adhesions. 

INFLAMMATION OF THE MIDDLE EAR 
(Otiiis Media.) 

An inflammation within the tympanum is the condition 
fonnd to exist in approximately sixty-five |)er cent of all 
cases of ear disease, and the importance of a j)roi:>er con- 
sideration of these inflammations is further enhanced by 
the fact that the evil consequences of tyinpanitis may be 
more numerous and more serious than those of any otlier 
class of aural affections. Not only may the function of 
the organ be impaired by the diminished mobility of the 
sound-transmitting apparatus, brought about by inflam- 
matory' changes or by the secondary' involvement of the 
auditory nerve, but in many instances importtint neigh- 
boring stmctures may sutfer from extension of the in- 
flamnmtion, and even life itself may be endangered. On 
j>athologie grounds, as well as for clinical convenience, it 
is necessaiy to classify the inflammatory affections of the 
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tympanmn, separating them into distinctive groups ac- 
cording to tlie character of the process and the natiire of 
the lesions produced. Anatomic and histologic considera- 
tions predetermine the fact that all acute inflammations of 
the middle ear must be of the so-called catarrhal tyiie, 
but on account of diflferenees in the causative factors, and 
because of wide variations in the constitution of the exu- 
dates, tlie form assumed is subject to great variations. If 
the morbid influence be only mechanical or thermal, or if 
it be not intensely active, only a serous or mucous exudate 
will result. If, on the other hand, the disturbing agent be 
such as to cause destruction of tissue, as do some of the 
more virulent pathogenic microorganisms, or if the powers 
of local resistance be markedly reduced, a jiurulency will 
be induced which way be accompanied by extensive ne- 
crosis and a tendency to invasion of adjacent organs. Be- 
tween these two extremes may be observed all the grades 
of secretory inflammation to which a mucous membrane 
can he subjected, and in accordance with these variations, 
and with the variant clinical picture produced thereby, an 
elaborate classification of middle-ear intlammafion has 
arisen which, while generally superfluous, is sometimes 
extremely valuable for minute differentiation. For the 
needs of this work such a detailed scheme is unnecessary, 
and it would seem to be sufficient here, as a basis for sur- 
gical consideration, to divide all the inflammations of the 
middle ear into two large groups; 

1. Simple, nonsuppurative, sero-mucous, and 
plastic exudative forms, which are usually classed 
under the broad heading of catarrhal inflammation 
(otitis media catarrhal is) ; and 

2, Those cases in which the formation of pus is an 
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resulting exudate, and, indeed, while the serous and sero- 
fibrinous inflammations may be caused by thermal and 
chemical influences as well as by bacteria, they are prob- 
ably most frequently the result of infection. The pneumo- 
coccus and staphylococcus often occasion such mild tyjies 
of inflainmatioo, but when such organisms are really active 
the inflammation is apt to take on the characteristics of 
liurulency, and consecjuently pass out of the class under 
consideration. 

But the vast majority of simple exudative middle-ear 
disorders are of secondary rather t!ian of primary occur- 
rence, and liave tlieir origin in similar affections of the 
nasal or nasopharyngeal mucous membranes. The trans- 
mission of the disease from one point to another may be 
accomplished by its spread through directly contiguous 
tissue, or some of the irritating secretion may be conveyed 
from the pharynx to the tympanic cavity by forcible infla- 
tion through the tjTui>anopharyngeal tube. Still another 
explanation, applicable to a large proportion of cases, is 
the continuous irritation of the tubal and tjmpanic mucous 
membranes, the obstruction to proper ventilation of the 
drum cavitj', and the interference with the blood supply 
of these parts, which usually accompany adenoid growths 
in the pharyngeal vault, bypertropbied turbinates, and 
enlarged or congested tonsils. 

Pathology.- — Exudative inflammations are distin- 
guished from other varieties by the one essential that the 
exudate has free access to the surface of the involved tis- 
sue, and flows from the same, mixed with desquamated 
portions thereof. The form varies with the quality of 
the exudate. If this consists essentially of fluid, while the 
cellular constituents are insignificant, the inflammation is 



liO TTMPAXIC MEMBKASE AXD TTMPAXUM 




INFLAMMATION OF THE MIDDLK EAR 121 



pendent partly u]»on the especial property of the affected 
vessels, partly upon the histologic structure of the in- 
flamed tissues, and to some extent upon the amount of 
damage inflicted upon the vessel walls. 

In exudative disease of the middle ear, the amount of 
injurj' perpetrated u])on that or^an and the extent of in- 
terference with its functions depend very largely upon 
the composition of the exudate and the completeness with 
which it may be removed from the tymi)anum by drain- 
age or by natural processes of healing. Bearing tliese 
two points in mind, the widely different lesions that char- 
acterize this disease are easily explainable. Simple serous 
or mucous secretions are accompanied by but little de- 
struction of tissue or im]:>airmeut of function, are readily 
absorbable when the course of inflammation has ceased, 
and leave no permanent pathologic effects. The most 
serious of the exudative conditions in this small chamber, 
with its contained delicate mechanism, is the exudate 
which contains fibrinogenic substances. If the fluid exu- 
date contains fibrinogen and fibrin fennent, and coagula- 
tion occurs, there will result a deposition of fibrin on the 
surface of, or within, the tissue that is infiltrated with 
the exudate. The site of inflammatory lesion may ^ye lim- 
ited to any small portion of the tympanic walls, the mem- 
brana tj'mpani, or the ossicular coverings, or it may be 
so extensive as to involve the entire tym]>anum and its 
contents. An exudate uiwn the walls of the tympanum 
only, even though it fails of absorption and becomes 
organized, may occasion no interference with hearing; but 
a similar deposit upon the tympanic membrane, or the 
ossicles, by its weight alone, must mechanically diminish 
their mobility. Furthermore, an exudate, no matter in 
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and firmer exodatire dei>arits are eoDTerted into perma- 
Deat connective tisene, the former in the shape of bands 
that act as checks njion the free movement of the trans- 
mitting mechanism. This inSammatory proliferation of 
timie is essentially a conservative process, but not infre- 
qnently it leads to a hyperjjlastie proliferation of eon- 
oeetive tissne which fmstrates its own arm and causes 
npw damage. By the overprodoetion of embryonic tissue 
cells and tbe stimulation of local leucocytosis the inflam- 
matory condition may be prolonged. In the course of 
time this process may cease and these deposits eventually 
become absorbed; but some tissues appear to resist the 
absorjJtion process more vigorously than others, and de- 
generative changes in the tissue follow. Such changes 
may l>e of an atrophic nature, producing abnormal thin- 
ning of the structures, or of a chemical character, and 
rcHnlt in calcareous degeneration or the deposit of lime 
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salts in or upon the tissue. Both forms are frequently 
observed in the altered structure of the tympanic mem- 
hrane consequent upon an exudative otitis. Ancliylosis of 
the stapes, so common in long-standing eases of chronic 
middle-ear disease, is often brought about by this form 
of calcification of tlie annular ligament which connects 
the base of the stapes to the oval -window; in some eases 
ossification of the new tissue surrounding the foot plate 
of the stirrup may occur as the result of inflammatory 
stimulation. 

Symptoms. — The nonsuppurative type of middle-ear 
inflammations may be ushered in by acute manifestations, 
but far more fre(]uently its commencement is rather in- 
sidious, and, in consequence, the majority of jiatients suf- 
fering with this disease have probably passed beyond the 
early stages of the affection long before tbey come under 
medical observation. So simple and so slow is the onset, 
and so lacking in the usual subjective evidences of inflam- 
mation — jtain and fever— that too often the ]iatient is not 
aware of any serious aural disturbance until tlie hearing 
power has been materially decreased. Perhaps the most 
frequently observ^ed early symptom is the sense of full- 
ness in the ear that accompanies the presence of swelling 
within the tympanum. Next in importance is the pain, 
much less severe, as a rale, in the nonsuppurative exuda- 
tive otitis than in the suppurative exudative form. In a 
small number of cases the pain is intense, of a sharp, 
lancinating character, not limited to the ear but radiating 
over the side of the head. In children, especially those 
having adenoids, the earache is of short duration, occurs 
generally at night, and subsides promptly under the in- 
fluence of heat, but there is a t^dency to nightly recur- 
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rence of what may be tenned a subacute fonn of inflara- 
Illation. Fever is likewise more eoumionly noticed among 
ebildren affected with this disease, and the clinical picture 
of fever, severe pain in the head, and reflex nervous dis- 
turbaoces may simulate that of acute meningitis. Tinnitus 
is at times a most troublesome symptom and causes great 
annoyance to the patient. The degree of deafness present 
in any case depends mainly upon the extent and loca- 
tion of the intlamniatory excretions and the consequent 
impairment of motion of the transmitting auditory mech- 
anism. 

In the long-standing or chronic cases tinnitus and 
deafness are the only symptoms complained of. The loss 
of hearing is priwipally for the lower tones, and does 
not generally include a marked deficiency at the upper 
end of the scale, except when the internal ear has become 
secondarily involved in the process. 

Objectively, we are compelled to rely upon otoscopic 
examination of the membrana tymjjani for any informa- 
tion as to the nature or extent of the intratympanic dis- 
ease. If seen in the very acute stage, hyjierauuia of the 
membrane, more intense in the peripheral ijortions or 
along the malleus handle, is the most prominent feature. 
Later, the entire membrane may be congested, or even 
bulging in some portions from the excessive pressure of 
exudate in the drum cavitj'. More frequent than tlie jiro- 
trusion, however, is an apparent change in the color of 
the lower part of the membrane, with a sharp line of 
demarcation between that and the normally colored upper 
portion, due to the presence of fluid in the tjTnpanum, the 
quantity of which is indicated by the height of the line of 
demarcation. Very soon the external surface of the mem- 
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brane loses its luster and shows a dull gray or pink-gray 
color. To separate the simple exudative from the puru- 
lent form of inflammation ordinarily occasions no diffi- 
cultj-, excejjt that in the early stages it will sometimes be 
found hard to predict the ensuance of suppuration. If 
the amount of exudate be slight, instead of a bulging of 
some part of the membrane, its retraction will be more 
or less marked, according to the degree of rarefaction of 
the atmo.sphere within the tympanic cavity; and this is 
evidenced by the concave appearance of the membrane, 
or by the foreshortening of the malleus handle, and the 
altered size and location of the light cone. 

The chronic nonsuppurative process differs in its oto- 
scopie picture from the acute only in the absence of the 
principal evidences of active inflammation— redness and 
swelling, or the presence of a fresh exudation — and the 
exhibition of the other features in an aggravated form. 
The degree of retraction, the atrophic thinning or hyper- 
trophic thickening of the membrane, the diminished move- 
ment of the malleus under tTTupanie inflation or oto- 
scopic suction, the adherence of the membrane to the 
long process of the incus, or of the membrane or malleus 
to the promontory, all assist in determining the extent of 
the lesion, but main dependence still has to be placed 
upon the functional testing of the hearing, in diagnosing 
the exact situation of the iibrous bands or sclerotic changes 
which most interfere with audition. 

Prognosis. — Uncomplicated acute attacks of nonsup- 
purative inflammation of the middle ear, dependent upon 
transitory abnormalities of the nasopharynx, or upon 
slight pathologic disturbances within the tympanum, fre- 
quently terminate in a speedy spontaneous recovery. 
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Wlien by natural methods alone, or by iiiding nature with 
artificial Iielp, the tympanum can he freed of exudates 
and the aiFected tissues restored to a healthy state, the 
defects of hearing that occur with the more severe cases 
may be remedied. When the lesions have been such as 
to leave jMinnanent alterations, decreasing the mobility of 
tlie membrane and ossicles, little imijrovenient in hearing 
can be hoped for, even though the downward jirocess be 
checked, unless some measures can be adopted to remove 
the deposits or break up the fibrous adhesions. The 
severance of these fibrous bands, or the surgical removal 
of such injurious new tissue as that descrilwd, is rendered 
doubly difficult by the inaccessibility of portions of the 
tymjtanum, and by the imjiossibility of accurately locat- 
ing and determining their character by the methods of 
study and observation at present available. 

Surgical mobilization of the stapes, incudectomy, and 
stapedectomy cannot be said to promise as satisfactory 
results in chronic nonsuppurative disease of the middle 
ear as when applied to the relief of adhesions or anchy- 
losis occasioned by purulent otitis; nevertheless, tliese 
operations have a decidedly important place in the treat- 
ment of such conditions, and it is highly probable that 
better results will follow hereafter, as the indications for 
their application are made more clear and definite. 

The earlier in its course nonsujipurative otitis media 
is recognized and properly treated the better will be the 
prognosis in any case; and the more chronic the disease 
has become before seeking relief at the hands of compe- 
tent observers, the less is the possibility of retrieving lost 
ground or the probability of cheeking the advance of the 
disease. 
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Treatment.— In this disease the aurist eonfronts one 
of his most troublesome problems. The character of the 
pathologic changes and the inaccessibility of the parts 
affected combine to baffle his skill and ingenuity'. The 
ret-stablishraent of nonnal intratyni panic atmospheric pres- 
sure, and the restoration to mobility of the menibrana 
vibrans and the ossicles, are the principal purposes that 
underlie all efforts at treatment. To accomplish the for- 
mer, attention must be given primarily to the condition 
of the nasopharynx and the tynipanopharyngoal tube. The 
removal of any obstruction to the free ingress of air to 
the tjnnpanum is of the first imiiortance. Nasal spurs, 
deflections of the 8e]>tum, hypertro]>hie enlargements of the 
turbinate bones, adenoid vegetations, and diseased tonsils 
demand the most careful consideration and proiwr treat- 
ment. The marked effect of even ajtiiarently small di- 
gressions in these structures is sometimes surprising. It 
might almost be said that no abnormality in these regions 
is too small to deserve attention, in cases where middle- 
ear disease has begun or is threatening. The -grosser 
lesions, such as adenoids, enlarged tonsils, and hyper- 
trophies of the inferior turbinate^i, now receive general 
recognition; but one of the worst offenders against the 
middle ear is too frequently overlooked. The middle tur- 
binate is only now beginning to be pro])er]y studied, and 
yet it is easily understandable that any obstruction in 
this part of the nasal chamber is more dangerous to hear- 
ing than a greater lesion along the floor of the nose. The 
inferior turbinal meatus is rather a drainage canal than 
a part of the respiratory tract. The natural direction of 
the inspired air is upward and backward through the 
middle and superior turbinate spaces, and a slight ob- 
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struction to these channels will produce marked impair- 
ment of respiration, with consequent congestion, swelling, 
and exudation to obstruct the tube or invade the tym- 
panum. Therefore, in searching for nasal abnormalities, 
particular attention should be given to the middle turbi- 
nate hone. It must be constantly remembered lhat until 
a fairly nonnal condition of the nose and nasopharjnix 
has been secured, direct treatment of the ear will be more 
or less futile. 

The nature of the treatment to be employed for this 
]>urpose varies with the character of the existing lesion. 
In the milder cases of exudative nasopharyngitis, acute 
or chronic, the use of local medicaments by spray, douche, 
gargle, or direct apj>lication by means of a cotton probe, 
may be beneficial. Anatomical defonnitiea or excessive 
overgrowth of tissue will usually require surgical inter- 
vention for their removal. 

Having provided free access for tlie proper sujiiily of 
air, the next important step is to make sure that it can 
enter the tjTupanum. As has been pointed out in con- 
sidering the pathology of otitis media, there is almost 
always an accompanying inflammation of the mucous mem- 
brane lining the t)*mpanopharyngeal tube, and contraction 
of its lumen, vaiying from a slight reduction in caliber to 
com]>lete occlusion, may exist. With removal of the source 
of irritation in the nasojibarynx the swelling of the tubal 
mucous membrane will tend to subside, and obstruction 
to aeration of the tympanum may spontaneously disap- 
jiear. The process of restoring patency to the tube may 
be facihtated, in many cases, by the application of astrin- 
gents to the inflamed mouth of the tiibe, and by occasional 
inflation of the tympanum. AutoLnflation, Politzerization, 
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and catheterization may all be employed under suitable 
cireumstanees, but in tbe majority of instances direct 
catlieteriKation of the diseased tube is most satisfactorj'. 
The careful passage of a silver catheter causes no more 
discomfort than does Politzerization, and inflation by this 
means possesses several advantages over the latter. Air 
is thus introduced into one ear at a time, and with just tlie 
amount of force that may be required to produce the de- 
sired result. The physician, with the otoscopic tube con- 
necting his own ear with that of the patient, can gather 
considerable information as to the condition within the 
tympanum and tynjpanopharyngeal tube, and can more 
intelligently determine the character of future treatment; 
the method i.s also more cleanly, because there is little 
danger of forcing secretions from the nose or pharynx 
into the tympanum, and the catheter should always be 
sterilized by boiling before introduction. The buibous- 
tijiped soft silver catheter is preferable, and, if introduced 
witJi care, need cause no pain. Sj»raying the nose and 
pharynx with cocaine is not, as a iTile, necessary. Hold- 
ing the catheter between the tlmnib and forefinger of the 
right hand, it is passed into the nares with the tip directed 
toward the junction of tlie floor of the nose with the sep- 
tum. Keejung the tip ]U'esscd gently into this angle, the 
catheter is inserted until the tip falls over the soft palate; 
the experienced hand will usually feel this, and, by rotat- 
ing tlie catheter outward when this point is reached, the 
instrument almost invariably enters the mouth of the tube. 
If in its course the catheter be allowed to rise into the 
middle meatus, the tip will not rotate into projicr position 
for entering the pharyngeal orifice of the tube. If the en- 
trance of the tip into the pliaiyngeal space behind ttie 
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palate is not distinctly felt, it is a good plan to rotate Uie 
catheter toward the oiiposite side to that which it is de- 
sired to inflate, and then withdraw it until its curved por- 
tion impinges ujion the vomer, from wiiich point a half 
turn of the catheter outward will cause the tip to present 
at the tubal mouth. This method seems easier, and gives 
less discomfort than the plan usually advised, of passing 
the catheter all the way to the posterior pharyngeal wall 
and then dragging the tip foi-ward over the post-tubal 
fossa. The frequency with which inflation should l>e re- 
peated depends upon the individual case. It should be 
used sparingly, if at all, in cases where the membrana 
vihrans is atro]ihie, or is so relaxed that it bulges under 
slight pressure. An unduly relaxed membrane is as in- 
efficient for the transmission of sound waves as a retracted 
one. Where such a condition is found, inflation should 
be followed by an application of flexible collodion to the 
distended portion of the membrane. 

When the tubal canal is so constricted as to prevent 
the admission of air, or to permit the passage of only a 
small amount, and that under strong pressure, some meas- 
ure of forcible dilatation is pennissible. The introduc- 
tion of plain or of electrolytic bougies through the catheter 
will sometimes overcome the obstruction, and the effect 
of direct pressure upon the swollen mucous membrane, or 
of electrolysis ujion fibrous tissue, is said to promote 
absorption of the hypertrophic tissue and the reestablish- 
ment of a channel. Great care is necessary, however, 
both in the selection of bougies and in tlieir introduction. 
The breaking of a bougie in the tube, or puncture of the 
mucous nicmbrane, with emphysema as a result of subse- 
quent inflation, is little short of a calamity, and force 
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should never be used to pass a firmly resistant stricture. 
A few operators have reported satisfaotory results from 
forcible dilatation of the tympanopharyngeal tube, but, 
considering tbe general experience of the profession, the 
method seems justified for use only in exceptional in- 
stances. 

Efforts at direct medication of the diseased mucous 
membrane of the tympanum have not given brilliant re- 
sults. The absorption of exudates and tbe restoration of 
healthy tone to the membrane may be promoted by the 
application, through the catheter, of certain remedies in 
a gaseous state. Tbe vapors of iodine, chloroform, or 
menthol may be employed in this way, hut the use 
of solutions of these dings is not so efficacious, the 
presence of the fluid seeming to counterbalance the 
effect of the remedy. The prolonged application of 
heat would probably be as serviceable here as in simi- 
lar pathologic conditions elsewhere, but a perfectly 
satisfactory' means of employing it has not been de- 
vised. 

Much can be done toward securing proper mobility of 
the membrana vibrans and the auditory ossicles, by re- 
peating the inflations of the tympanum often enough to 
maintain a just balance between the air pressure upon 
the two surfaces of the membrane, aided by judiciously 
moderate pneumatic massage through the external audi- 
tory canal. AVhere the fibrous tissue is still in the forma- 
tive stage, it is possible that a suction force acting upon 
the drum membrane may cause a stretching of such fibers 
and thus diminish their retracting powers, or that by such 
means the malleus and membrane may be drawn away 

from the jiromontoi"}' to which they are in imminent dan- 
10 
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ger of adhering. The Delstanche masseur, or the Siegle 
otoscope with bulb attachment, will furnish all the power 
that may be judiciously exerted upon the membrane for 
this purpose. Luca?'s sound applied to the short process 
of the malleus affords a good means of direct manipu- 
lation of the ossicles, and, where there is a tendency 
to anchylosis of the bony joints, gives satisfactory 
results. 

Organized fibrous bands that bind the membrana vi- 
brans to the inner wall of the tympanum, or hold the 
ossicles in a false position, can only be reduced by the 
surgeon's knife. It is sometimes possible to distinguish 
such synecJiia? between the membrane or malleus and the 
incus, promontory, or stapes, and in such event it is com- 
paratively easy to sever the constricting fibers. Through 
the opening made by an esploratoiy tympanotomy other 
fibrous bands may be found in some cases, ]>articularly 
those which pass from the incus or from the head of the 
stapes to the lateral wall of the tympanum, and which 
seriously embarrass the movements of these bones. Such 
an opening, furthermore, provides the opportunity for 
direct mobilization of the stapes, which may be adherent 
to the rim of the oval window as the result of struc- 
tural changes in the fibrous tissue surrounding the foot 
plate. The operations of exploratory t\'mpanotomy, 
synechotomy, stapes mobilization, and tenotomy of the 
tensor tym|)ani and stapedius will be described in an- 
other chapter. Following all such operations, inflation 
of the tjTiipanum and massage of the membrane should 
always be employed and continued for some time, 
in order that the recurrence of adhesions may be pre- 
vented. 
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SuppVBATivE Inflammations of the Middle Eab. — 
Aetiology. — Recognizing tbe important predisposing in- 
fluence of acute and chronic intiamniations of the naso- 
pbarynx, and also the generally accepted view of patholo- 
gists that there can exist a purulent exudative process 
without tlie presence of pyogenic bacteria, or at least 
without its being possible to demonstrate their presence 
by any means now known, it is nevertheless necessary to 
remember that such microorganisms can be found in the 
secretions of the vast majoritj' of all the cases of suppu- 
rative otitis media examined, and it would be well, in 
consequence of this, to look upon every case of purulent 
otitis as bacterial in origin. Repeated attacks of rhinitis, 
pharyngitis, or tonsilitis, or the existence of abnormal 
tissue developments in the nose or throat, with their 
attendant conditions of persistent congestion of the tym- 
panopharyngeal tube and tympanum, are favorable to an 
infection of the middle ear. Just the conditions most 
conducive to the growth and activity of bacteria are ob- 
tained in this way: lowered resistance of the tissue cells, 
and a serous pabulum in a protected ehaniher that is 
heated to the proijer degree of temperature. There lurk 
in the tliroats of all persons one or more varieties of 
microorganisms which are capable of doing damage 
whenever the other conditions requisite to bacterial in- 
fection are provided. One of the organisms most fre- 
quently discovered in this inactive state is the diplo- 
coccUB of pneumonia, and it is worthy of note here that 
this particular organism is the one most frequently iso- 
lated from the excretions of acute suppurative otitis 
tnt'dia. 

The microorganisms that have been found in the pus 
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The entrance of microbes to the middle car from the 
external auditory canal may follow solution of continuity 
of the drum membrane, and bacterial and other irritating 
fcuhstances may be forcibly carried through the tympano- 
pharyugeal tube into the tympanum as a result of violent 
postnasal douching, Politzerization, or sneezing, and once 
established there, tliey may set uji purulent inflanmiation. 

Pathology. — The mode of beginning of an inflam- 
nvation of the tj'mpanic mucous membrane, and the pa- 
thologic process to the extent of the formation of an 
exudate, together with a definition of the several kinds of 
exudation, has been explained on pages 119 and 1*20. The 
primary vascular changes are the same as in the serous 
exudative process. When, however, pus-producing bac- 
teria are at work, there are especial and characteristic 
differences in the manufacture of the exudate. Pus cells 
accumulate in great numbers, and instead of the deposi- 
tion of fibrin there is a tendency to liquefaction of the 
exudate and of the necrotic tissue, through the solvent 
action of the pyogenic germs. 

As the result of cliemotaxis, the leucocytes leave the 
blood vessels of the inflamed area to meet the invading 
bacterial poisons. In the ensuing struggle the leucocyte 
attempts to engulf and digest the microlje, and restora- 
tion to health dejiends largely upon the ability of the host 
to fuiTiish a sufficient number of these active guardsmen 
to overcome the invading pathogenic army. Especially 
virulent microorganisms, or a too numerous collection of 
less dangerous ones, may rapidly destroy a mass of white 
cells, and it is this debris of the battle that constitutes 
the pus of purulent affections; the tissue cells may also 
take on the phagocytic action of the leucocytes. Under 
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the mieroscojie tbis yellowisli-white exudate is seen to 
consist of seruui, leucocytes, often containing bacteria 
witliin their substance, and the degeneration products of 
dead leucocytes and tissue cells. 

With the destruction of the epithelium and sujierfioial 
portions of the mucous membrane a condition known as 
ulceration is produced, and this is probably constantly 
associated with suiipurative otitis media ; the only excep- 
tion might be in the few eases of acute inflammation, of 
very short duration, where the slight amount of pus that 
is formed makes its exit through the tympanopharyngeal 
tube, or where the active seat of purulent iiiHammation 
is rapidly transferred from the tympanum to the mastoid 
cells without preceding erosion of the tympanic mem- 
brane. The extent of the ulcer must vary considerably, 
involving in some instances but a small point on the cov- 
ering of one of the ossicles or on some part of the lining 
of the tyilipanic walls, in other cases extending over a 
comparatively large area of these tissues. Furtlienuore, 
the depth to whicb this loss of cellular substance or tissue 
necrosis extends in the tympanum is a matter for par- 
ticular consideration. At no point is the mucous mem- 
brane covering the tympanic walls very thick, and over 
some portions of the ossicles it is no more than an epi- 
thelial coat over a single layer of cells that serves as a 
periosteum, with an insignificant amount of fibrous sub- 
stance between them, Some of these thinly covered 
spaces, particularly on the incus, are also especially prone 
to necrosis, because of their poor nutrition under normal 
conditions — due to a limited blood supply. When de- 
prived of the jtrotection of its periosteal coat, the hone 
readily succumbs to the destroyer, and necrosis of the 
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ossicles is a very common feature of prolonged suppura- 
tive tj'ui panic inflammation (Fig. 15). 

More frequent still is the ulceration or erosion of the 
nienibrana vibrana. Tliis portion of the external wall of 
the tympanum is tlie weakest of all and the only one that 
can give way hofore the pressure of an accumulating 
exudate. With the formation of any considerable amount 
of pus within the tj'mpanum the intratynipanic pressure 
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comes greater than the external air pressure a bulging 
outward of some portion of the membrane follows. Dimi- 
nution of the pressure through the escape of excretions 
by way of tlie tympanoiihanngeal tube is sometimes pos- 
sible, but is generally prevented by the blocking of this 
channel incident to swelling of the lining mucous mem- 
brane. Since the attachments of tlie membrane to the 
malleus handle and the tympanic ring permit of veiy little 
motion outward in these regions, the parts which most 
readily bulge under pressure are the spaces behind and 
above the malleus. In eonsefiuence of decreasetl viability 
of that portion of the membrane subjected to greatest 
pressure from within, rendering it more liable to ulcera- 
tive jierf oration, spontaneous rupture of the weakened 
area takes jilace, and through this perforation the pus 
exudes into the external auditory canal (Fig. 16). 
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The tune ocmpieti in the spwd of an infection from 
its source to the involvenient of the entire middle ear may 
be very brief in cases of snpieme infection. Within a 
fev boors from the appemntnce of the earliest symptoms 
tbe inflammation may travel fnxn the pburyngeal end of 
the trmpaBopbarrngeal tnbe to the celhilar spaces of the 
mastoid process. It most be borne in mind, too, that in 
spealdng of the middle ear imthologically, something more 
than the true tympanic carit>% as deseribed aDatomioally, 
18 meant Similarity of stroetme, of fmiction, and of 
msceptibility to the spread of disease from one part to 
another compel the consideration of the t}~m;>anmii, the 
eiiitj-mpanom or attic, the aditns, and the mastoid antrum 
as one cavity of irregular shay^ and boundaries. It has 
been claimed that in every case of suppurative otitis 
media there is some degree of extension of the inflamma- 
tioD to the antmm. Whether this be true or not — and 
there would seem to be no good reason for supitosing that 
it is so of tlie milder acute cases — it does probably apply 
to a majority of the chrouie suppurative cases, antl the 
jKissibilitj- of its being true of any given case of either 
the acute or chronic form must be considered. ^ 

Could a suii]>urative inflaramation of the middle ear 
always be confined to the nmcous membrane lining iJie 
tymimnuin, or even to the involvement of the ossicles, the 
dieeaBe would have no mortality, and would be of interest 
prognostically only from the point of estimating the pos- 
sible impairment of function of the sound-transmitting 
afiparatua of the organ of hearing. Surronnded as the 
tyin)iauuin is, however, by organs and structures more 
imjiortant to life, the [irobleni, when an inflammation 
breaks through the tympanic bounds, becomes a far more 
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serious one tlian that concerned in the effect it may have 
upon the hearing power. It is by extension from the mid- 
dle ear that such serious complications as mastoiditis, 
lateral sinus thrombosis, extradural abscess, meningitis, 
and cerebral and cerebellar abscesses are ]»rodueed. In 
the first named of these the direct route of infection — 
invasion of contiguous tissue from the tympanum, through 
tlie aditus ad antrum, to the cellular spaces of the mastoid 
process — has already been referred to. Wlien erosion 
through the roof of the tympanic cavity or of the wall of 
the lateral sinus occurs, an opportunity is aflforded for 
the direct extension of infection to the cerebral cavity and 
contents. Indirect infection of the brain or of the sinus 
is possible only through the medium of the lymphatic or 
email venous channels. 

Regenerative processes are established in the same 
way and pursue much tlie same course as those already 
described in reference to nonsuppurative inflanunation. 
Wherever suppuration has taken place there is a loss of 
substance, and a more extensive process of repair is re- 
quired to produce healing and to fill up the wound. The 
great destruction of tissue in the severe and chronic cases 
usually implies the impossibility of reparation. Small 
I>erforation8 of the tympanic membrane may become en- 
tirely healed; indeed, an entire new membrane may be 
fonned, but such reiilacement is always by tissue which 
is histologically different from that destroyed, these new 
membranes being constructed mainly from outgrowths of 
the dermoid and mucous coats (Fig. 17). The same pro- 
clivity toward the formation of fibrous bands in the cavity, 
and the anchylosis of the ossicle articulations, exist as in 
the nonsuppurative exudative processes, at least in the 
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less destructive cases, and impaired mobility of the sound- 
transmitting ajtparatus is not aD uncommon result of 
purulent otitis media. Partially destroyed ossicles are 
never again made whole, and necrotic spots in the tym- 
panic walls are rarely filled np by new osseous tissue. In 
the new-fonned tissue that closes a perforation of the 

9 # 
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tympanic membrane and in the unabsorljed fibrous de- 
posits on this membrane, calcareous concretions often 
apjwar from the deposit therein of lime salts (Fig. 18). 

As the result of nature's effort to supply new struc- 
tures to replace those removed by suppuration, two seri- 
ous complications of otitis media are possible. Granula- 
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tion tissue, springing from some ulcerative jioint, may 
readily assume the nature of a polypoid growth, and 
these polyps, when exuberant, by pressure upon neighbor- 
ing structures or by favoring the retention of unhealthy 
excretions, add to the seriousness and chronicity of the 
original disease (Figs. 19 and 20). The second compli- 
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cation referred to is the occurrence of diolesteatoniatous 
accumulations. Wandering epithelial t'ells, or the hyper- 
plasia of cells from the dennal layer of the membrane, at 
the margin of a perforation, or from ulcerative areas in 
the lining of the tympanum, lead to the development of 
cholesteatoma through the excessive growth of those mis- 
placed cells. Occasionally they accrete into a tumorlike 
mass, producing increased damage by erosion of the sur- 
rounding tissue. 

Symptoms. — (1) Subjective. From the very l)egin- 
ning of the inflammation until tlie intratympanic pressure 
has been relieved by rupture or by incision of the mem- 
brane, pain is ajit to be con.stant and severe. In many 
instances, especially in influenza eases, the pain is excru- 
ciating. Earache is ever a pain of peculiar character, 
comparable only to that arising from injury to or inflam- 
mation of the ovaiy or testicle. It has been shown that 
stimulation of the sensory nerves of the middle ear, as of 
those of the organs named, and unlike those of other parts 
of tliG body, iiroduces a general vasomotor depression and 
a reflex cardiac inhibition, which ex[)laiDS the sickening 
character of the pain and the associated weakness and 
dispirited condition. Coincident with the disruption of 
the drum membrane and the outflow of pus into the ex- 
tenial canal, jiain usually diminishes or entirely ceases. 
When the jiain continues beyond this point it is generally 
because the break in the membrane has not been suffi- 
ciently large to permit free egress to the iient-up excretions, 
or it is an indication that the inflammation has extended 
farther than the true tympanic cavity. 

Acute suppurative otitis media is almost always ac- 
companied by a febrile condition. In adults the tempera- 
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tare does not, as a rule, nm veiy bat In diildren it 
is not at all nneomsMMi lor the thenooinetric record to 
reach 104" F. With the high fever, in very voting ehiidren, 
there may he associated nausea, vomiting, mnscle twitch- 
iai^ and convntsions — a clinical pitrtore so closely re- 
fumbling that of meningitis as to render a serious error 
in diagnosis possible. The importance of examining the 
middle ear in every case of obscure febrile disease in in- 
fants cannot be too strongly emphasized. In some of 
these cases ibere may be a true meningeal inflammation, 
eanaed by the extension of the purulent disease from the 
middle ear; more frequently, however, the symptoms are 
due to a meningeal irritation only. In early childhood 
the [letrosfjuamosal suture which crosses the roof of the 
tympanum has not yet closed by ossification, and other 
dehiscences in the bone are common, so that where these 
natural openings occur, the dura lies in contact with 
the mucous membrane of the middle ear, and is subjected 
to irritation or inflammation when the latter tissue is 
diseased. 

Functional disturbances are not so marked, or do not 
attract so much of the patient's attention, as in the non- 
suppurative affections. There exists, of course, the same 
interference with ossicular movements, but the suffering 
outweighs the loss of hearing. The functional defects 
that attend the chronic cases, or that remain as a sequel 
to supimrative otitis media, vary in accordance with the 
location and extent of tissue altered or destroyed by the 
disease. 

There is one class of cases in which pain and fever 
may be conspicuous by their absence. Tuberculosis of 
the middle ear often advances to the stage of a purulent 
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discharge before the patient is aware of having an aural 
affection. The initial stages are not marked by pro- 
nounced syinptoms, and the progress of the disease is 
insidious. Perforation of the membrane occurs as the 
result of rapid ulceration, not frona distension, and as 
ulcers naay have started from more than one point, mul- 
tiple perforation is not uncommon. The history of an 
otorrhcpa coming on without antecedent pain should at- 
tract attention to the possibility of its tuberculous nature, 
and there is reason, on the basis of clinical observation, 
to believe that otitis media may be the primary focus of 
pulmonary tuberculosis much more frequently than has 
been generally supposed, 

(2) Objective. In acute suppurative otitis media the 
appearance of the membrana vihrans is at first exactly 
tlie same as that described for myringitis and acute exu- 
dative otitis media, and until there is some definite indi- 
cation that pus is being produced, it is often impossible 
to make a positive differential diagnosis from the objec- 
tive symptoms alone. Given, however, the clinical history 
showing the mode of onset, amount of pain, existence of 
febrile temperature, and possible relationship to any other 
concomitant or precedent disease, a definite conclusion 
will generally be reached. After the period of complete 
congestion of the membrane, the apjiearance of a yellow 
or yellowish-red convex area on the drum bead indicates 
the presence of pus and the point where rupture is most 
liable to occur. Later, when jierforation has taken i>lace, 
the exact location, size, and shape of the opening can be 
seen. Spontaneous rupture may occur in any part of the 
membrane, most commonly in the posterior segn:ent, and 
the resulting openings vary greatly in size. Sometimes 



144 TYMPASIC MEMBBAXE AND TTMPAXTM 



stHMtiM ■ i a tlkaH? in—i il ih, wift the cxKftiaa of 
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qaenUy expoaed to rinr, aad the esteat of aknatioD or 
oUier iojory wiliua the Ij iiniaaaia can be stndied. If 
tbe diicase has acNanecd berood &e tympaaie canity 
ill invading the nnutotd process, firm picssnre with tbe 
finger directly over the antnnn will nsnaljy cause pain. 
TUia "niaatoid tendenieaa" ia one of the most reliable 
indieatioiM of progresrire middle-ear snppnration with 
mastoid rell involvement. 

The iKJDodan- fine between the acute and chronic stage 
of any disease must of necessity be somewhat arbitrarily 
settled. Since the latter is but an advanced step in, or 
the proIonge<l existence of, the former, and the pathologic 
changes e.\hibit«><l have merged gradually the one into the 
other in the evolution of the disease, there will often be 
room for honest dilTerences of opinion as to tlie moment 
when one ceases and the otiier begins. The clinical pic- 
ture of chronic purulent otitis differs from that of the 
acute in the length of time it has existed and in tlie ex- 
tent of its lesions. 

Diagnosis. — Little or no difficulty is experienced in 
determining the seat and nature of this disease. The tm- 
pcNMfibility of saying, during the initial stages, what the 
rsact future of a commeoeing middle-ear infiammation 
will be has already been alluded to. Pain ia tbe 
pnorally means either an otitis media, otitis extefva, or 
M r*4^x fjmptom, and inspection promptly iaettles: any 
J^mAA a* to which is the canse. The only point to viueh 
U it M^pfOpriMiit to call attention here is tbe neeeeatr for 
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great care, not in diagnosing the disease, but in accurately 
ascertaining the site, character, and extent of the lesion 
or lesions. In order to secure the greatest success iu 
treatment, the earliest stoj)page of an existent suppura- 
tive process, prompt repair of the injured tissues, re- 
moval of the detriinentai remains, and restoration of the 
greatest amount of functional ability, it is essential to 
]>08sess a full knowledge of these points. 

Prognosis. — During recent years the prognosis of 
suppurative middle-ear disease, including all of its com- 
plications and eventuations, has very materially improved. 
A better realization of the importance of the disease has 
led to its earlier and more persistent treatment, and anti- 
septic surgery has enabled the aurist to save the lives of 
many persons whose condition would, a few years since, 
have been looked upon as hopeless. Of perhaps more 
importance is the fact tliat surgical improvements have 
put it in the power of the aurist to prevent many of the 
serious complications of this disease. 

By proper local medicinal measures a majority of all 
cases of acute suppurative middle-ear disease can he easily 
and speedily remedied. By such treatment is meant the 
procuring of free drainage from the t>'mpanum of all ex- 
cretions, and the maintenance of as perfect cleanliness of 
that cavity as is possible. Some cases ajijiear to l)e, in 
the very nature of things, destined to pursue a chronic 
course, and others enter iipon chronicity because of the 
greater activitj' of the destroying agent or the greater 
difficulties in the way of getting rid of the debris, and 
the subsequent institution of a reparative process. In a 
fair proportion of such cases general tonic and hygienic 
treatment, added to the local antisepsis, promotes a favor- 
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able result, and nowhere in medicine will well-directed, 
patient, aud persevering efforts be more surely rewarded. 

Of the chronic eases^ — taking them as they come, and 
ineluding eases of many years' standing — fully one half 
will recover under simple drainage and antiseptic treat- 
ment. The othei's will require some surgical assistance 
through the medium of the external canal, the removal of 
Ijolypoid tissue, of necrotic ossicles, or eholesteatomatous 
apcumulations. Only the great minoritj' demand the ap- 
plication of more extensive surgical inten'ention. To 
these, tympanomastoid exenteration is applicahle, and the 
results obtained are satisfactorj'. Not all cases are cured 
by this last resort, but the great majority are, and only 
an insignitieant percentage of the whole number of otor- 
rbceas ia left unhealetl. That this small proportion will 
steadily decrease in the future, as the technique of the 
graver operation improves in the hands of the mass of 
operators, is to be ex]>ected. 

Treatment. — From the moment when it becomes 
certain that a puinlent inflammation is established within 
the tympanum, and tlience tliroughout the whole course 
of the disease, the guiding principle of treatment consists 
in i>roviding a free course of egress for the excretions, 
and of efforts to render the tjnnpanic cells and their con- 
tents sterile. In the very earliest stage of otitis media 
attemjits may Ije made to abort suppuration. Chief among 
these abortive measures is local vascular depletion. The 
aiqtlication of anodyne mixtures to the external surface 
of the tympanic membrane, and the local use of heat in 
the form of hot irrigations, or of dry heat conducted 
through the external auditory canal from a Japanese hot 
box or a heated cJoth held over the auricle, may assist 
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terially in reducing pain and favoring resorption of 
sb exudates. But free bloodletting often aecoraplisbes 
, and something more. In addition to the directly 
results of diminution of tissue engorgement by tbe 
\"ithdrawal of blood, tbe vasomotor changes eflfected by 
't'ecbing institute a revulsive or counter-irritant action 
which is distinctly beneficial. The mos>t effective points 
for leeching to reduce middle-ear congestion are over tbe 
mastoid antrum and near the tip of tbe mastoid process. 
Before applying the leecb, the skin should he carefully 
cleansed, as in preparation for any other operation, and 
the artificial is preferred to tbe natural leech for obvious 
reasons. From 30 to KKt c.c. of blood may be withdrawn, 
according to tbe anaemic or plethoric condition of the in- 
dividual. Aside from such local measures, and the ad- 
ministration, when necessary, of morphine for tlie relief 
of pain, a further detergent influence may be produced 
by the use of calomel to the point of producing free 
purgation. 

When the inflammatory process proves resistant to 
such treatment, and the evidences of pus formation be- 
come pronounced, or when tbe exudative collection is 
excessive, even though the change to puruleney is not 
actually demonstrable, surgical intervention for the relief 
of discomfort, the evacuation of tbe cavity, and the pre- 
vention of greater disaster is advisable. Paracentesis is 
certainly justifiable whenever there is a definite outward 
bulging of the membrane, without waiting for tbe yellow- 
ish discoloration indicative of the presence of pus. In 
very many instances it can be wisely employed, even in 
the entire absence of bulging. The good surgical rule, to 

cut for a cure of acute cellulitis before pus has formed, is 
11 
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applicable here, and the benefits derived from an early 
imracentesis far outweigh any possible evil effects which 
can result from its too hasty perfonnance.^ Supposing 
no pus flows at once from the incision, still the depletion, 
by hemorrhage, of the hyiiera?mic tissue reduces tension, 
alleviates ]>ain, jjerniits evacuation of the simple exudate, 
and checks the intlanimation. It is true that an opening 
in the drum membraue provides a gate of entry for micro- 
organisms coming through tlie external canal, but it is 
more than probable that the tjTupanum is already infected, 
and very improbable tbat further infection will take place 
if proper aseptic jirecautions have ]ireceded paracentesis 
and post-operative cleanliness of the canal is maintained. 
A clean incision of the memhrana vibrans, properly lo- 
cated, is not a matter of grave importance, for if the in- 
flammation proves to have lieen nonpyogenic, it promptly 
heals, and function is in no practical sense impaired. 

If pus is present, its iuniiediate removal, followed by 
cleansing of the tymjianum, iK'nnits a rapid restoration 
of health to the tympanic mucous membrane and a re- 
union of the wound margins. If [jaracentesis be unduly 
delayed and pus fonnatiou continues, spontaneous ijerfo- 
ration results from ulceration of tlie membrane from 
within outward ; excessive intratympanic pressure pos- 
sibly assists this process. Perforation occurs near the 
center of an ulcerating area, and is, naturally, surrounded 
by an areola of weakened tissue, some of which will be 
likely to slough away and further enlarge the opening. 
Repair of perforations produced in this way is slow and 
uncertain; very frequently nature fails to reproduce suf- 
ficient new tissue to cover the defects. 



* See Appendix, note 1. 
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Willi the rupture of the menibrana tyropani, whether 
by uatural or artificial means, arid the establishment of 
a puralent 6ow into the external auditory eanal, the sec- 
ond stage of treatment for purulent otitis media is en- 
tered upon. Here tlie indications are for a complete 
cleansing and sterilization of the tympanum. Unless the 
opening in tlie membrane is sufficient to peniiit free drain- 
age from the middle-ear cavity, it should be enlarged so 
that the lower end of the incision terminates at the lowest 
peripheral point. Effort must then be made to remove 
the excretion from tlie tj-mpanum as rapidly as it is 
manufactured. Two methods of attaining this end are 
available; each has its partisan advocates, and either is 
efficient if conscientiously followed. The so-called dry 
treatment consists in securing constant drainage by the 
aid of a wick of gauze, the inner end of which is carrieti 
to or through the perforation. A change of wicks should 
be made whenever the one in place gets saturated, and 
any accumulation of pus in the cavity or canal is thus 
prevented. Adherents of this method ]jrofess to consider 
with serious apyirehension any thought of irrigating the 
canal or tympanum, basing their disapproval upon the 
fear that septic particles might be forced into the mastoid 
cells. The fact that the antrum is supposed to be always 
involved in such inflammations of the middle ear does not, 
of course, warrant one in taking uncalled-for chances of 
adding to the antral infection, but the infrequency with 
which mastoid empyema occurs during an acute suppu- 
rative otitis media wliile under treatment by a method so 
universally used as is irrigation, argues strongly against 
any calculable probability of danger from this source. 
The second plan alluded to consists in frequent flush- 
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ing of the canal and t™paiiiim with a sterile or antisep- 
tic fluid inttodiiced tlirougb the external auditory canal. 
Any aural syringe, or the usual irrigating bottle or bag, 
with a suitable nozzle, may be used for the purpose; at 
least 500 c.c. of fluid should be used at each syringing, 
and the larooesa sliould be repeated as often as may be 
necessary to keep the parts freed from purulent collec- 
tions. In acute cases verj- good results can be obtained 
by the use of ]>lain sttfrile water only, but properly pre- 
pared sohjtions of antisejities can do no harm, and give 
an additional sense of security, es|iecially when dealing 
with the more virulent organisms. More important than 
ita chemical constituency is the use of a quantity of the 
fluid suflReient to insure a thorough washing away of all 
the pus. 

The weakness of the dry method lies in the fact that 
the wicks must be froijuently changed, and that their in- 
troduction requires a skilled hand. Only in hospital work, 
or under exceptional circumstances in private practice, 
can the surgeon see his patient often enough to make 
sure that he is succeeding in his object of keeping the ear 
clean. Most patients will misunderstand the request for 
or will rcfuiJe to make numerous visits to the aurist; the 
substitution of clean wicks for the moistened ones cannot 
be trusted to the untrained, and the plan which has been 
suggested, of jilacing a small permanent wick in the inner 
end of the canal and absorbing the discharge from that 
by cotton or gauze pledgets inserted in the meatus, and 
frequently changed by the attendant or jiatient, is not 
reliable. For the great majority of patients suffering 
from otorrlura, continued personal attention from the 
physician is impossible, and the endeavor to bring about 
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the desired result must be left to some friend or relative, 
or, at best, a nurse. The least intelligent of these ean be 
taught, without much trouble, to use the aural syringe with 
a fair degree of efiSeiency. Most persons require some 
instruction regarding manipulation of the auricle and the 
distance to which they should insert the syiinge tip be- 
fore they can be expected to properly cleanse even the 
canal, and all should be advised to continue the washing 
until there is no reasonable doubt of having removed all 
of the excretion. It is impossible to say that any given 
volume of fluid will accomplish tliis in all cases; the ex- 
pert may succeed in one case witli, perhaps, 50 e.c., and 
yet, owing to a tortuous canal or a stringy, ropy, or 
adhesive exudate, in another case find 1,000 c.c. none too 
much. How futile, then, are apt to be the directions to 
an unskilled nurse to use a teacupful or a tumbler of the 
antisepticized water. If directed to use not leas than half 
a liter, and preferably more, at each sitting, the likeli- 
hood of securing satisfactory results is greatly enhanced. 
Irrigation should be followed immediately by a careful 
drj'ing of the canal, and this can be attained fairly well 
by repeated insertion of wicks of absorbent cotton. 

In chronic suppurative otitis media the use of anti- 
septics in the irrigation is an essential part of the treat- 
ment. As has been explained in discussing the pathology, 
the problem here is not simply one of drainage, but of 
sterilizing the contents of the tj-mpanum. If a purulent 
residuum cannot be drained off, it must be rendered in- 
nocuous, and this may be accomplished by the mixing 
with it of the antiseptic during irrigation. One of the 
most efficient of the genn-dostroying drugs employed for 
this purpose is formaldehyde. A solution of this gas, 
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known commercially as formalin, may be prescribed in 
the strengtb of from 4 e.c. to 8 c,c. to the liter of boiled 
water. As formalin is a forty-per-cent solution of the 
gas, this makes an irrigating fluid containing the gas in 
the proportions of from 1-000 to 1-300- Various other 
germicides may be used in the same way, and veiy good 
results accrue, in some eases, from following the removal 
of accumulated excretions by the introduction of small 
amounts of stronger gemiicides, or of astringents, directly 
into the tympanum. Solutions of silver nitrate, protar- 
gol, or argyrol are recommended for such use, applied 
by means of the cotton-tipped probe. 

The middle-ear syringe is a valuable instrument in 
cases where the purulent collection is inaccessible to fluids 
introduced indirectly from the external canal. The tij) of 
this little instrument can be carried into the tympanic 
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I'iG. 21. — Mitldlt.* ear syringe. 



cavity, and the antiseptic stream brought more directly 
in contact with the diseased tissues. The intratyrapanic 
syringes are of various fonns, from a simple metal can- 
nula to a piston syringe with cannula attached. A glass 
syringe of the latter sort, with asbestos packing, is easily 
sterilized, and is preferable to a syringe of metal or hard 
rublwr (Fig. 21). 

Hot air and medicated vajiors have only a limited field 
of usefulness in this affection. Antiseptic and drying 
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jiowders are valuable adjuncts to the treatment in some 
instances, but tliey should be reserved for the period when 
the discharge is on the wane, and then used with such 
care as to avoid the possibility of hindrance to its exit. 
They must never be packed into the canal, nor allowed to 
obstruct a small perforation, lest retention of purulent 
matter result. 

Having patiently, persistently, and perseveringly tried 
all simple means to overcome an otorrh<Ea, without success, 
the existence of a deeper focus of suppuration, in a bone 
necrosis, is presumable. It is not often possible to see 
the carious s]TOt, nor can any conclusive evidence be de- 
duced from the odor or appearance of the discharged pus. 
There is a peculiarly fetid odor associated with decaying 
bone, but it cannot be depended upon as an infallible 
gnide in detei'mining the existence or extent of bone dis- 
ease in suppurative otitis. Microscopic examination of 
the discharge may show bone dust; in that event the diag- 
nosis of caries is positive. The presence of iiolyjioid 
masses or redundant granulomata are suggestive of bone 
caries. They should be removed by means of the snare 
or curette, and the subjacent surface carefully examined. 

Otorrhcea, uncontrollable by the line of treatment sug- 
gested, almost always indicates ossicular ulceration or 
extension of the suppuration to the cellular stnictnrcs of 
the mastoid. O-ssiculectoniy is ai>propriate to the first 
class of cases, tympanomastoid exenteration to the sec- 
ond. Neither of these operations is to be undertaken 
lightly, and an honest effort to procure healing by simpler 
measures should precede consideration of surgical atten- 
tion. Indefinite prolongation of such treatment, however, 
is not justifiable, and the fact that serious complications 
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have not sui)ei*vened does not excuse interuiinable delay. 
Many apparently hoiwless otorrliceas have been cured by 
persistent, painstaking, simple medicinal treatment; but 
far too many neglected cases have terminated fatally, 
when a timely ossiculectomy or mastoid operation might 
have prevented such a catastrophe. The complete opera- 
tion of tympanomastoid exenteration may be held in re- 
serve for cases which ossiculectomy has failed to relieve, 
or for use in eases where evidences of mastoid involve- 
ment are comparatively clear; but no ]mtient who is the 
subject of a pui-ulent discharge from the middle ear 
should Ije iKjrmitted to look u[>on his condition as one 
without danger to life, and conservatism demands sur- 
gical intervention, ratljer than abstention therefrom, in 
every case of chronic sujtpurative otitis media in which 
other kinds of treatment have failed of effect. 



THE POSSIBLE COMPLICATIONS AND CONSEQUENCES 
OF SUPPURATIVE OTITIS MEDIA 



A PUBULENT inflammation of the middle ear may per- 
sist for many years witliout causing serious disturbance 
of bealth or destnaction of any tissue beyond the confines 
of the tympanic cavity. On the other hand, it is becom- 
ing generally recognized now that the mere existence of 
such a purulent focus is a constant menace to the health 
and life of tlie individual bearing it, and that at any mo- 
ment it may flare up into an active process wliicli will be 
extremely difficult to check or control. A victim of cbronie 
otorrhoea is constantly contributing something from his 
tissues to gratify the insatiable appetites of unweleome 
guests, the pyogenic microorganisms ; his system is being 
steadily drained of some elements which might be far 
better utilized, and he must be constantly losing some 
degree of vitality. In addition to this fixed charge against 
his resources, he carries an undetenninable yet certain 
risk of secondary personal infection and an incubator for 
bacteria to supply contamination to bis neighbors. The 
importance of these aspects of the problem is only begin- 
ning to be recognizefl. The important obsen'ations and 
investigations of Ponfiek and of Meltzer illustrate how 
frequently serious and even fatal inflammatory affections 
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of the throat, lungs, and mtestinal tract may be traced 
to a primary focus in the middle ear. It is shown to be 
tme, particularly in children, that death may ensne from 
one of these more general systemic affections without the 
I>reexisting acute otitis media having been sas|>ected. 
How often may the phar>-ngeal, bronchial, pulmonary, 
and enteric inflammations, which occur in jiersons hav- 
ing a chronic otorrhcea, be due to purulent secretions 
from the tympanic cavity, reaching the respiratorj- or 
intestinal tracts through the tjinpanopharjugeal tube? 
Even less appreciated, as yet, are the dangers entailed 
upon the community hy such a source of contamination. 
Pus from any other part of the body is shunned as a 
known dangerous element. The purulent outflow from 
the ear, though produced by the same microorganisms, 
is too often looked upon by patients and their relatives 
as a discbarge of innocent character, A fruitful 6eld of 
investigation might be opened up if the effort were made 
to ascertain how often the pneumonias and streptococcic 
sore throats of school children, for instance, could he 
traced to direct or indirect infection from schoolmates 
suffering from purulent otitis. 

But more important than these indefinite risks and 
dangers, and certainly more susceptible of positive dem- 
onstration, may be considered the grave complications 
and consequences which accompany the direct extension 
of suppuration from the tympanum to neighboring vital 
structures. Considering the close proximity of the brain, 
the juguJar vein and lateral sinus, and some of the cranial 
nerves, to the middle ear, and the frequency with which 
'^is cavity is the seat of acute inflammation, it is rather 

re surprising that they are so seldom invaded, than 
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tbat they should be occasionally involved in an extension 
of the disease. When suppurative otitis media has once 
started on a destructive tour, it raay invade the mastoid 
portion of the temporal bone, the soft tissues of the neck, 
or the cranial cavity. While the source and route of in- 
vasion are the same in nearly all cases; and the diagnostic 
name applied to any given case is chosen with reference 
mainly to the extent and location of the lesion, it will be 
necessary to make some degree of repetition by consider- 
ing these lesions separately, on account of their varying 
symptoms and surgical indications. The sequels to puru- 
lent otitis media will therefore be considered as; 1, Mas- 
toiditis; 2, Lateral Sinus Thrombosis; 3, Labyrinthine 
Sujipuration ; 4, Cerebral and Cerebellar Abscesses and 
Meningitis. 

1. MASTOIDITIS 

Aetiology.— The frequency with which inflammation 
of the mastoid ]>ortion of the temporal bone is encoun- 
tered de]iends upon several circumstances. The first of 
these to demand attention is the effect of climate. In 
those parts of the world where jiersons are exposed to 
extreme degrees of cold, and to sudden and violent 
changes in weather conditions, it is but natural that those 
who are compelled to live much in the open air should be 
more fre«|uently subjected to inflammation of the middle 
ear and its adjacent raucous-membrane-lined cavities than 
is the case with those who enjoy living within more salu- 
brious surroundings. Low degrees of temperature, asso- 
ciated with excessive amounts of moisture in the atmos- 
phere, are especially prone to irritate the nasopharyngeal 
and aural mucous membranes. The influence of cold alone 
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probably eaiinot induce a destructive pumlent inflamma- 
tion, but it may render tbe tissues more susceptible to 
the ravishing onslaught of tbe pyogenic microorganisms, 
and enable the latter to make more rapid progress ; lienee 
the more common occurrence under such conditions of 
mastoiditis in the course of acute otitis media. 

The next most important factor is the frequency in 
some districts of epidemics of certain diseases. Thus, epi- 
demic influenza may recur at short interv^als in some com- 
munities, and some of these outbreaks are followed by un- 
usually high percentages of middle-ear involvement with 
complications. Scarlatina, measles, diphtheria, typhoid 
fever, tuberculosis, syphilis, and other systemic diseases, 
may be associated with a primary attack of purulent otitis 
and mastoiditis, or may provoke an old chrome middle- 
ear suppuration to renewed activity, and produce the 
conditions favorable to involvement of the mastoid 
cells. 

Finally, the anatomic character of the temporal bone 
may be considered as a predisposing factor; pneumatic 
bones whose cells communicate freely with one another 
and with the antrum being more easily invaded thao 
diploetic or eburnated si>ecimens. 

Primary inflammation of the mastoid cells must be 
exceedingly rare. That such a condition may occur is of 
course possible, but its happening has been so infrequent 
as to make the reports of such cases worthy of note. The 
secondary infection of this region by the transmission, 
from some more or less distant point, of septic material 
through the vascular or lyrnphatie channels, must likewise 
be an uncommon affair. The usual method of invasion 
of the mastoid process is by direct extension thereto of 
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inflammation from a neighboring diseased tissue. Tliis 
may be from advancement of an otitis externa through 
the posterior wall of the external auditory canal, or from 
perforation of the external cortical surface of the process 
hy a mastoid periostitis, hut in the vast majority of in- 
stances it is due to the spreading of a suppurative process 
in the t>nnpanum, through the aditus ad antium, into the 
antral and other cells of the mastoid. The active agent 
in such a progressive inflammation is some virulent pyo- 
genic bacterium, and the contributory conditions are 
favorable anatomic stnicture and loweretl local resistance. 
Most prominent among the bacteria causing inflamma- 
tions of the mastoid cells are the Streptococcus jiyogenes, 
Sta]>hylococcus jyvogenes allms and aureus, and the Pncu- 
mococcus, but a great variety of other organisms are 
included in the list of those occasionally found. 

Pathology. — In what proportion of cases the secre- 
tions from an acute suppurative otitis media actually 
enter the antrum has long been a matter for speculation. 
Some eminent authorities believe that such invasion is 
invariable. Tliat the ojijiortunity for inflammatory tres- 
pass is always iiresent may be granted, Iiut there are also 
certain safeguards against it to be considered. The canal 
connecting the tympanmn and antrum is not always a 
large and widely ojien one, but very fref|uently small in 
diameter, and at times even of minute size. Further- 
more, the inflammatory swelling of the tympanic mucous 
membrane, in advanced acute cases, tends of itself to 
diminish the caliber of this channel, and when the ojien- 
ing is but small, complete occlusion may occur and thus 
prevent the ovei-flow into the antrum. This occlusion 
may, liowcver, work in a disastrous way by penning up 
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jniH wliicli luiH rcnclicd t lit' nut nun before closure of the 
pttHNiiKeway look pluce. 

Tlif ciirmliculi uniliug tho antrnl space with tlie other 
(•('IIh (»!' I lie iiiiistdid lione arc usually very small, and if 
it he tnif (hat (he atitnun ia so freijueiitly eoneorned iu 
III!' iiitlniiuiiatory alTections of tlie tyiuimnum, the swell- 
iiiX which aceoiuiianies inflammation of the lining tissue 
of tliiM eavity nniHt KcrK^i'tt'ly sei've to wall off tlie abscess 
and limit it« |irnj?res». I'nder mich I'irt'umstanees, any 
eMTi'tiitUrt tliat may lie protluct'il liiid llii'ir exit into the 
tyuiiianie cavity hy the existiufi; eliannel, after the swollen 
i<on<litiou of the tisHuee* \m» suh^ided, or l)ecome an iso- 
lated focuM of suppuration. The pnlllulo^:i(' process tlien 
\n not tlitlVreut from that oivurrin^ under similar eiremn- 
NtantH's in any otiier part of the hody. When the nnieous 
memitrane lieeomes iiiflanuHl, the underlyinf; hone is very 
apt tti Ih' atTiH'tini, and to partieipute in the dem-neration 
if till* irritation persists. The sptvd with whieh an in- 
tlainniation ndvanivs liei"e dejiends U]>on the virulency of 
the invading organittni. and the density as well as the 
i>»»isting {Htwer of the Inmy structure. By a proeess of 
moltvulur disintetrration or uhvration, the al>stvs*i cavity 
grows a.-* tire ntvnviis advanw**. Naturally, the ujore 
d<'nsv the Kme. (he slower will the inrnicious change pro- 
t^HsJ; the wore tvllular its couiix^sition and the lariter the 
vacut»U«s» the nion.'' rapid and extensive will tho destruc- 
tion. Tho noniMil histologic strjh'Jure of tlie mastoid 
|H>rtion of tlie teminirnl Khh' is subjix't to wit!e %'aruttioiis, 
tlk» ant nun ui»stoivk»um and the apical cell near tbe tip 
ef tho prnr«<<9 heii\g the only fairly constant (vlhilar sfMM* 
exist iiiy therein. The hx'ation of other pDeumatie areas 
may ivhkv «n in^xtrtant jvirt in iletenuiiiiBg the coarse 
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which a destructive suppuration sliall pursue. Thus, id 
a purely pneumatic tyyie of mastoid the entire internal 
framework may be rapidly broken down and the cortex 
perforated. In the diptoetic or the partially eburnated 
form, the necrosis, advancing in the direction of least re- 
sistance, may descend toward the apex of the mastoid, 
ascend toward the cerebral cavity, or proceed anteriorly, 
posteriorly, internally, or externally, toward the digastric 
fossa, the lateral sinus, the intenial ear, or the outer sur- 
face, respectively, according to the resistance encountered. 
When an active inflammation has once become estiiblished 
in the mastoid bone, even when limited to the antrum, the 
escape of its products through the ti'inpanum and external 
auditory canal is difficult, the floor of the antral cell being 
decidedly lower than the antrotympanal oanal, and the 
retention of the deleterious substance is favored by physi- 
cal conditions. Extension through the canaliculi connect- 
ing the numerous cells explains the progress of the disease 
in many instances. The Haversian canals also afford a 
ready means for the sjiread of bone inflanunation, and the 
jierivascular spaces constitute a third route for infective 
travel. 

Fortunately, not every case of mastoiditis goes on to 
plete destruction of the mastoid process or to invasion 
of surrounding structures. In many instances the antrum 
tilone is involved, or only a limited area of bone disin- 
tegrates, and the purulent mass is discharged through the 
tympanum and external auditory canal. Occasionally the 
necrosis may cause segmentation of a small area of bone 
and the fonnation of a sequestrum. "When the inflamma- 
tion is cheeked in its incipiency, or is of the milder tyyte, 
nature endeavors to remove tlie irritant through increased 




Uttit fUh^tf In thp fif^t* m i^ronie fonn of ^ < fi» e aac. and 
>• ffitUHrnUy «««i((r»wl fy, (h*? rt^jipon jiwt behind the auricle, 
tftH tuny ttt* thffuMtut tnttrr th* #?ntire wide of the head. It 
Vrt' ' I'ly iff (ftf/'fotity, norn*? |)atienta seeinmg to suffer 
t II' (rii rtmlv, wliili' fffli'TH xrnrwly eomplain at all. Its 
|(r<<N«'(t('(< /rr itlr«<«>fi«<i' if4 (if liHlc (!i»fcno»tic value, except in 
iMi fHf fid H*t *uU)(>fi('i» limy wrve to call attention to the 
UMI' H» ll)»> fiimnllilf" urtiirce of Intiihle. In a large nunilier 
hT m*m llittriv would n|i|H<tir to Ik> some definite relation- 
ship |i4i|wiMtii t|itKn<o of piiii) Huffered and the amount 
III' olui i liM'M, \ I'l wiH'li II law lias iioi been cfrtainly estali- 
INIuhI W'lioii llii' otillliw Iruiii Uie tyiii)miuiiii is free and 
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profuse, pain is not likely to be severe. On the otlier 
hand, those cases of mastoid inflammation whose oom- 
meneemeut is coincident with a diminution or cessation of 
the tympanic discharge are usually marked by sharp pain. 

More imtmrtiiut than tlie subjective pain complained 
of is the localized tenderness which may be elicited by 
slight pressure over the affected area. This is unques- 
tionably the aymiitom of greatest diagnostic value in this 
disease; it is almost invariably present, and constitutes 
the best guide in the treatment to be employed. Some 
care must be exercised in trying to ascertain the existence 
and degree of tenderness. Pressure should be exerted 
directly u]»on the surface of the mastoid in such manner 
as to avoid touching the auricle or disturbing the poste- 
rior cartilaginous wall of the external auditory canal. 
Diffuse or circumscribed otitis externa might give an 
apparent tenderness of the mastoid region if the pressure 
were so awkwardly applied as to move the auricular car- 
tilage. Of course, inspection of the canal would still be 
a means of preventing error in diagnosis. If pyaemia of 
the mastoid cells exists, some degree of tenderness may 
nearly always be elicited by firm pressure over the antrum 
or lietween that spot and the tip of the mastoid process. 
The amount of tenderness shown does not necessarily 
indicate a relative measure of sujipuration or necrosis 
witliin the bone, nor does it enable the observer to bound 
the district of tissue invaded. The iirincipal point of ten- 
derness is the site of the antrum, and yet, with tenderness 
limited to that region, oi>eration may disclose the main 
collection of pus in some other part of the hone. Pain on 
pressure over the tip cannot lie taken to mean always that 

the tip cells are engaged in the suppuration, though it 
IS 
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fret|uently has such significance, hnt tenderness along the 
posterior vertical border of tlie process, and especially 
along tJie course of the mastoid emissary vein, is strongly 
suspicions of invasion of the sigmoid sinus groove, and 
possibly of thrombosis of that \*essel. 

The estimation of mastoid tenderness is far from being 
an accurate procedure. In addition to the different de- 
grees of susceptihility to iiain displayed by patients, there 
is no standard for the amount of pressure employed by 
different examiners other than is expressed by the words 
gentle, firm, and deep. What one i^rson would con- 
sider a very gentle application of force might rejiresent 
to another a finn, heavy effort. Such discrepancies may 
be jtrevented by the use of an instniment whicli will reg- 
ister the amount of force required to elicit the first sign 
of discomfort, empower the watcher to note the effect 
of increasing pressure, and f»ennit the study of smaller 
points on Uie surface of Uie bone than can be i)al|jated 
by the finger alone,' 

Swelling of the soft tissues over the mastoid is not 
usually present until the abscess has broken through the 
external cortex of the bone, and caused a mastoid peri- 
ostitis or a subperiosteal collection of pus. (Edema of 
this region does occur occasionally, but it is more fre- 
quently associated with inflammations of the cartilage of 
the auricle and canal wall. With a 8ubi>eriosteal collec- 
tion of pus over the mastoid bone there is redness of the 
skin, and, as the exudate increases in amount, a charac- 
teristic forcing forward of the auricle, so that it stands 
out nearly at right angles to the head. Of vastly more 

' An inBlrument designed for thin purpose is described in the Appendix, 
Note 3. 
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importance, as a symptom of suppuration within the mas- 
toid, is the sweiling of the inner end of the posterior 
canal wall. Redness of the cutaneous lining of the exter- 
nal meatus, with a bulging or drooping of the postero- 
superior wall, is a nearly infallible sign of mastoiditis, 
involving the antnim and neighboring cells. In some 
cases the bulging may be so great as to prevent otoscopic 
inspection of the membrana tyinpani. Touching the 
swollen district witli a cotton-tipped probe elicits marked 
tenderness. (See Appendix, Note 2.) 

Swelling of tbe cervical lymph glands is a significant 
synii>toin, and often of great diagnostic value. In chronic 
middle-car suppurations the swelling of these glands may 
be exjjected. It is not the rule in acute cases, but when 
the mastoid is also affected painfully swollen glands 
beneath the mastoid and over the place of origin of 
the sterno-cleido-mastoid may generally be found. Such 
glandular swellings are of special diagnostic value in eases 
of suspected mastoiditis in young cbiklren, where, when 
associated with an acute middle-ear suppuration and an 
otherwise obscure febrile condition, their iinding may be 
of great practical assistance in determining the necessity 
for operative intervention. 

Acute inflammation of the mastoid cells is always ac- 
pom])anied by some elevation of temperature, but the 
degree of fever has no direct relationship to the severity 
of the inflammatory process. As a rule, the temj>erature 
ranges higher in children than in adults, not infrequently 
reaching a height of 105° F. in the former, whereas in the 
latter anything above 102° F. is exceptional in uncompli- 
cated mastoiditis. Chronic inflammation of the cells, 
spreading in a slow and insidious manner from a long- 
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the number of cases of painless mastoiditis a negligible 
quantity. Tenderness on pressure over the antrum or 
near the tip of the process can be elicited in nearly every 
case. Its location and intensity have some, at present in- 
delBnite, relationship to the extent of the necrosis. The 
nature of the meatal discharge may help materially in 
determining whether the mastoid cells are involved, and 
whether tlie inflammation is likely to be a mild or severe 
one. The outflow of pus may be so profuse as to force 
the conclusion tJiat a larger area of tissue than that in- 
closed within the boundaries of the t^'mjianum is neces- 
sarily concerned in its formation. If the perforation of 
the tj'mpanie membrane be of sufficient size and in a 
favorable lot*ation, it may be possible to see the pus run- 
ning into the tymj)anum from the antrum. On such 
occasions it will be observed that after a careful cleansing 
of the tympanic cavity pus speedily reappears, and that 
it is flowing in a line over the inner wall from the postero- 
superior to the ]>ostero-inferior quadrant. 

Microscoiiic examination of tlie excretion assists only 
in 80 far as it discloses the microorganism which is at 
work, or shows the presence of bone debris. The latter 
may, of course, be due to caries of the tympanic walls or of 
the ossicles, and consequently is of little diagnostic value. 
Any of the pathogenic bacteria may, under favorable cir- 
cumstances, assume virulent properties, but of those ordi- 
narily isolated from aural discharges the streptococcus is 
viewed with more alann than the staphylococcus or the 
pneuraoeoccus, because of the seemingly greater probabil- 
ity of its causing widespread destruction of tissue and a 
rapid advance to a general septic condition. The finding 
of it in the middle-ear discbarge not only enhances the 



gravity of tbe otitis, but should put one on guard against 
the possibility of extension of that disease; and another 
sjinptom which sounds a warning to the cautious observer 
is the persistence of pain in tJie ear after rupture of the 
membrane has occurred and a free drainage of tlTe tym- 
panum is established. 

Neglect of mastoiditis in its early stages is very com- 
mon, but confusion of it witli other affections, except in 
children, is rather unusual. Differentia! diagnosis, there- 
fore, is seldom called for. Furunculosis of the external 
auditory canal wall and diffuse otitis externa may be 
associated with otorrha?a, pain and tenderness ijehind the 
ear. Mastoid tenderness is elicited in tlie above-named 
conditions only when the test is so carelessly apjilied that 
the pressure is at the same time exerted upon the cartilage 
of the auricle, and otoscopic inspection of tlie canal will 
remove any doubt as to the source of pain and dis- 
charge. 

One of the conditions consBiuent upon mastoiditis, 
which may cause some confusion by masking the bone 
disease, is the development of an abscess in the digastric 
fossa — the so-called Bezold abst^ss. When the necrotic 
inflammation of the cells has eaten its way through the 
anterior surface of the process, and tension is relieved 
by escape of the purulent exudate into tlie soft tissues of 
the neck, mastoid pain and tenderness may subside almost 
to the point of cessation. As the pus accumulates under 
the anterior border of the sterno-cleido-mastoid muscle 
and the resistance to the abscess growth increases, these 
sjinjitoms generally recur and may be intensified. A cir- 
cumscribed swelling in that part of the neck is suggestive 
of mastoid disease, and a review of the patient's recent 
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history will promptly determine whether there exists such 
a connection. 

Failure to recognize mastoiditis i>romptly, or the un- 
due delay of a mastoidectomy, may sometimes result from 
mistaking the clinical symptoms exhibited for those of one 
of tlie infectious diseases like tv'phoid fever, malaria, or 
influenza, or from attributing too much importance to the 
jiossihle connection between the mastoid symptoms and a 
coincident attack of one of these affections. It has not 
infrequently happened that an acute mastoiditis associated 
with chronic suj>purative disease of the middle ear has 
been attended by a febrile condition closely resembling 
typhoid; in such cases the temperature chart may show 
an almost typical typhoid curve, and if the aural pain is 
not severe the ear may be entirely overlooked. On the 
otlier hand, when the mastoid condition is properly under- 
stood, a question may arise as to whether there may not 
be a coexistent tj-phoidal infection. Confusion regarding 
malaria does not occur so frequently, but is apt to be quite 
as serious a matter for the symptom which suggests that 
diagnosis, a chill, or series of chills, may J)e an indication 
of grave systemic infection by the extension of a suppu- 
rative process to the lateral sinus or the brain. Mas- 
toiditis occurs quite coiunionly as a sequel to or eonij>li- 
cation of influenza, and the effects of the latter are of 
such a varying character that it may be very difficult at 
times to determine what part of the patient's condition 
is attributable to the general and what part to the local 
affection. 

Fortunately, a ready and accurate means of clearing 
up the diagnosis in all these cases is available. A simple 
blood count to ascertain the number of leucocytes present 
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will detemiine the existence or nonexistenfe of a purulent 
process. That a i>atliologi<' leucocvtosis indicates aljseess 
formation is as ti-ue in aoral as in general surgery. It 
is now a well-recognized faet that in all three of the dis- 
eases named, typhoid fever, malaria, and influenza, the 
number of leueoin'tes is, as a rule, lower than normal. 
Consequently it is not necessary to await the agglutina- 
tion test for tyjjhoid, or the search for malarial parasites 
in tlie red blood cells, if a count of the white cells shows 
a leueoeytosis. The value of the assistance to be gained 
from a leucocyte count in doubtful cases cannot be ovcr- 
estiniated, for it must not be forgotten that indecision 
regarding ojieration, in some instances, may be fraught 
witli tlie most dei»lorable consequences to the patient. 

Prognosis. — Acutt' inflammation of the mastoid cells 
occurring as a sequel to acute suiiijurativc otitis media has 
a favorable prognosis. The treatment to be employed, as 
well as the gi-avity of the affection, dejiends upon the stage 
to which tlie disease has progressed — that is, whether it 
is simply in a state of congestion, or has reached the con- 
dition of empyema. If it can be determined that pus is 
jiresent in the cells, the prognosis can be kept favorable 
only by the prompt institution of measures for its evacua- 
tion. On Uie other hand, if it is not clear that pus has 
fonned, tentative measures may be employed with a rea- 
sonable hope of aborting the process. In a series of fifty 
msecutiN'c cases entering the Massachusetts Eye and 
r lufinnar}' with evidences of mastoid inflammation, 
without the indications for immediate operation, pal- 
*. treatment consisting of rest in bed, continuous use 
Leiter coil, and free opening of the tjTnpanic mem- 
3 permit drainage and cleansing, was conducted 
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under the observation of Dr. Philip Hammond, with the 
result that thirty cases recovered with disaj>pearanee of 
the mastoid symptoms ; seventeen came to operation within 
a few days ; three patients, who were discharged as appar- 
ently relieved, subsequently returned for operation. This 
would seem to be a fair statement of the chances of re- 
covery in this class of cases, as it accords with the expe- 
rience of many good otologists, several of whom are on 
record as having said, witliout an attempt at exact statis- 
tics, that approximately three fourths of such cases get 
well without an operation. It must not be forgotten, 
however, that this class comprises only a portion of all 
the cases of mastoiditis. During the same period of time 
in which these fifty patients were received at the liospital 
a considerable number were admitted with symjjtoms of 
such advanced mastoid disease that immediate surgical 
intei-vention was demanded. So, while sixty per cent of 
the first type recovered without operation, the per- 
centage of the whole number to so recover was much 
smaller. 

The prognosis of the empyema cases is also good, if 
proper treatment be applied while the disease is limited 
to the mastoid. The danger of mastoiditis, either acute 
or chronic, lies not in that disease itself, so long as it is 
confined to the cellular structures of the mastoid process, 
but in the possibility of early and rapid invasion of near- 
by vital structures, and the strong probability that such 
extension will take place if tlie proper treatment of the 
mastoid inflammation be delayed or neglected. Mastoid- 
itis as a sequel to chronic jiunilent otitis media rarely 
comes under the physician's care during its early stages, 
and when such cases do apply for treatment the prognosis 
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must always be a guarded one, because of the difllieult>' of 
ascertaining, prior to operation, the extent of destruction. 
If, by operating, tbe entire diseased area can be removed 
and general septicicniia has not developed, tbe prognosis 
is very good. 

Treatment.' — There are several well-estahlished facts 
in connection with the mastoid inflammations whicb must 
be thoroughly appreciated before a judicious considera- 
tion can be given to tlie treatment of mastoiditis. In tbe 
first place, the fact that mastoiditis is a preventable dis- 
ease stands out clearly. Eliminating tbe exceedingly small 
number of eases of primari* inflammation of tbe mastoid 
bone, and the only slightly larger number of cases where 
secondary involvement of the mastoid cells has followed 
witbin a week of tbe occurrence of an infectious disease 
in the middle ear, and recalling the a'tiologic factors in 
mastoiditis, the conclusion is reached that the majority of 
instances of this affection are due to imju'oi>er treatment 
or neglect of purulent otitis media, Preveiitiou of the 
disease is, then, the thing to be aimed at by all those who 
have tbe opportunity to institute such measures. Every 
case of suiipuvative inflammation of the middle ear, 
whether of the acute or chronic type, should be looked 
upon as ftrobably already involving the mastoid antnnn 
and affording tbe possibility for extension, through the 
mastoid cellular structures, to vital organs. The danger 
is not the same in all cases, but inasmuch as it cannot be 
accurately defined in any ease, all purulent inflammations 
of the tympanum, especially the chronic ones, should be 
viewed as a menace to life. While it is true that many 
persons are seen who have been for periods of ten to 
twenty, or even fifty, years tbe possessors of an ear 
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eased in this way, and which has never given them any 
concern beyond that arising from the disagreeable fea- 
tures of an otorrhoea, it is equally time that there was not 
in all those years a time when their lives were not endan- 
gered by the disease, and, fuithermore, that medical rec- 
ords are full of cases of just such lives being terminated 
by an uncontrollable extension of the purulency to tiie 
brain or the large blood vessels. No person who is the 
victim of purulent otitis should be permitted to think that 
his affection is a trivial one, and all cases of otorrhoea 
should be carefully, scientifieally, and persistently treated 
until healed. 

The second fact worthy of special note is the patho- 
logic demonstration of the difference between simple mas- 
toid inflammation and emjiyema, caries and necrosis of 
the toastoid. Congestion and inflammatory infiltration of 
the mucous membrane lining the antrum and small cells 
may arise and subside again without leaving any serious 
lesion; the invading microorganisms are destroyed, and 
any exudate which may have been fonned is cast out by 
drainage through the tympanum, or by absorption througli 
the vascular and lyniijhatic systeuis. The production of 
pus on a larger scale, the retention of pus, the molecular 
destruction of the periosteum and bone, and the necrosis 
of the mastoid structures, are pathologically but more 
advanced stages of the same disease — jiossibly in a more 
virulent fonii, possibly because it met with less resistance. 
The clinical evidences may sometimes be very similar, 
and it is often diflRcult to determine at what stage the in- 
flammation stands. If the pathologic process were always 
kept clearly in mind, however, there would be much less 
occasion for discussion of the methods of treatment. The 
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first class permits of temporizing and antiplilogistic treat- 
ment; the second demands surgical interveution. 

Abortive Treatment.- — An unolmtriu'ted outlet for the 
l>roducts of inflammation fonning within tlie tympanum 
and antrmu being an essential factor in any plan de- 
eigned to check a mastoiditis, it is of the greatest im- 
portance to secure an opening in the merabraua vibrans 
adetiuate to permit free drainage. If perforation of tire 
membrane has taken place, or if paracentesis has been 
performed, the opening may require enlargement. An 
incision made for this purpose should extend from the 
floor of the tympanum upward through the posterior seg- 
ment to the roof. When there is much congestion about 
the inner end of the canal it may even be advisable to 
extend the cut outward in the sujiero-posterior wall of 
the canal, cutting through the skin and i>eriosteum to the 
bone, and thus relieving the tension of and dei>k'liug the 
tissues under the floor of the antrum. Following the in- 
cision by waiin irrigation jiromotes the discharge of 
inflanunatory exudates, as well as removes any accumu- 
lated excretions. 

Api)lication of the artificial leech over the mastoid 
antrum and the withdrawal of 3t) to 100 c.c. of blood is 
another effective means of depleting the bypera'mic bone, 
which may prove serviceable in some instances. Imme- 
diate relief from pain often follows this local bloodletting, 
and sometimes the improvement is permanent. 

The employment of cold applications to the surface of 
the mastoid bone to prevent the spread of inflammation 
therein has long been considered a valuable therapeutic 
measure. The Leiter coil and numerous rubber ice bags' 
*^«ive been devised for adaptation to the parts and con- 
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venience in securing a continuous icy application. Reduc- 
tion of tcm]>erature and diminution of pain by this means 
unquestionably occurs in ruany eases, at least temporarily, 
but any marked influence upon the progress of the dis- 
ease is not nearly so frequently apx>arent. Very often, 
indeed, the pain and fever ret'ur as soon as the cold is 
withdrawn. Beneficial as it may be in some cases, it is not 
altogether harmless, and nmst be used with great caution. 
By disposing of the external evidences of a progressive 
inflammation in the bone — pain, fever, and redness or 
swelling — it niaj' lure one to suppose a condition of im- 
provement, when the disease is actually advancing rap- 
idly by necrosis of the deep bone structures. Wlien ice or 
iced water is thus applied it should be kept on continu- 
ously, not intermittently, but for a period not exceeding 
sevent>'-two hours; after from forty-eight to seventy-two 
hours' use it should be removed, and if tlie improvement 
which follows its ap]jlication continues, the chances for 
success of further abortive measures are good; but if 
pain recurs or the temperature shows a rise, or, more 
particularly, if tenderness on pressure again becomes evi- 
dent, there is not only little justification for, but positive 
danger in, continuing such tentative remedies. 

Considerable discussion has taken place recently as to 
the relative merits of cold and heat in treating the early 
stages of mastoid inflammation. Some of the argument 
in favor of hot applications is certainly wortliy of careful 
consideration. It is well known that some bacteria can 
remain alive in ice water for many weeks, and it is incon- 
ceivable tliat a sufficiently low temiierature can be adduced 
in the mastoid by application of ice to its external sur- 
face to destroy or even interfere materially with the re- 
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production of the invading inicroorganisms. It would 
also appear that the influence of cold lessens the resisting 
power of the tissues, by contracting the arterioles and 
diminishing the quantity of blood supjilied, and conse- 
quently the number of figliting leucocytes to engage in 
the contest. A sufficient degree of heat to check tlie growth 
of bacteria may be secured, and its influence upon vascu- 
larization and leucocytosis is at the same time a favorable 
one. It is impossible to bear either extreme heat or cold 
sutficient to sterilize an infected bone. 

Drugs can play but a minor role in checking an iu- 
tlaniraation of the mastoid bone. Complete rest in bed 
should be enjoined upon the patient, and careful atten- 
tion given to the i)roper functioning of the excretory 
organs. For the maintenance of an open prima via in 
iuflanunatory conditions, calomel is especially valuable, 
mercury ]>osse8sing, in addition to its cathartic powers, 
some tonic property and a marked detergent iuduenee 
upon inflammation. 

Surgical Treatment. — Tlie abortive measures referred 
to shoukl be employed in the majority of cases of aural 
disease showing evidences of mastoid inflammation, and 
esjwrience teaches that success will attend such efforts 
in a fair projiortion of cases.' When tentative treat- 
ment fails to check the progress of iuHanunation, or when 
it can be determined at the first examination that empy- 
ema e.xists, inuncdiato surgical intervention is demanded. 
The modern mastoid ofieration perfonned imder strict 
asejitic te<'hnit|ue is a comparatively dangerless proceed- 
ing. The dangers arising from jirolonged temiiorizing, 
or undue delay in affording oiwrative relief, are gener- 
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ally more serioos than the risks which attend the opera- 
tion ; in fact, the remote peril of anaesthesia is the prin- 
cipal, if not the only, evil factor to be considered in 
opposition to operating. When, therefore, a reasonable 
doubt exists as to the advisability of instituting operative 
measures, an exploratory opening of the bone is not only 
juMtifiable, but affords the patient the greatest possible 
assurance of safety. As has been explained, many eases 
of mastoid abscess occur in which one or more of the 
usual symptoms are jioorly marked or even entirely ab- 
sent. This makes it necessarj', at times, to operate when 
an incom]>lete picture of the disease is presented, and 
only one or two sj'mptoms are present to indicate the 
jiroper course to pursue. An infallible law as to the time 
for and conditions requiring intervention is as impossible 
of application here as in other surgical affections. The 
best that can be done is to establisl] an elastic code of 
signals that may serve as comparatively safe guides. 

Indications for Operating in Mastoiditis: 
1. Postauricular swelling, accompanied by fever and ten- 
derness on pressure, when it can be shown that such 
symptoms are not due to inflammation of the meatus wall. 

2. Persistent mastoid tenderness absolutely demands 
oiieration, regardless of the absence of other symptoms. 

^. Bulging of the membrana flaceida, with drooping 
of the supero-posterior lining of the external canal at its 
inner end, particularly if this area be tender upon pres- 
sure with a cotton-tipjied probe. 

4. The continuation of otorrhoea, pain in the mastoid, 
and fever, in spite of several days' trial of antiphlogistic 
treatment. 

5. The occurrence of chills, nausea, or symptoms point- 




178 SUPPURATIVE OTITIS MEDIA 



ing to meningeal irritation, even though the case may have 
been progressing apparently satisfactorily under pallia- 
tive treatment; such symptoms being strongly presump- 
tive evidence of invasion of the lateral sinus or brain. 

6. The finding of streptococci in the pus from the 
middle ear is cause for extra caution, and if abortive 
remedies are not very promptly effective, operation Is 
demanded earlier than would be the case were the causa- 
tive agent a less virulent microbe. 

7. Leucocytosis, found in conjunction witli sympt^tms 
pointing to mastoid involvement, justifies an exploratory 
opening of the mastoid cells. 

2. THROMBOSIS OF THE LATERAL SIN^US 

Pathology. — The occurrence of intravascular coagu- 
lation of the blood during life is always tlie result of dis- 
turbances of the circulation or of local pathologic changes 
in the vessel wall. Any alteration in the calilier of the 
vessels, or of the circulatory pressure which tends to re- 
tard the current, thus permitting the formation of eddies 
and the accumulation of the solid elements of the blood 
in the perijtheral portion of the stream, favors thrombus 
foniuition at any available spot for adhesion to the vessel 
wall. Precedent chemical changes in the blood favoring 
the ijroduction of fibrinogenic substance neeil not he 
assumed in such cases as will be considered here, inas- 
much as the formation of fibrin therein may be due to 
purely mechanical causes, and marantic thrombosis 
is not included in this study. Changes in the vessel wall, 
of a character which diminishes the nomial power of the 
healthy intima to inhibit coagulation and slowing of the 
current, lead to the precipitation of blood plates upon 
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tlie affected portion of the wall. The adhering plates 
rapidly degenerate into a granular, fibrinous substauee, 
which entangles the corpuscular elements, and the deposit 
steadily increases until the lumen of the vessel is more or 
less comitletely occluded. Under normal conditions, the 
blood current in the cerebral sinuses moves very slowly, 
and one of the conditions necessary to the fonuation of a 
thrombus is constantly present. The second prerequisite 
— a roughening of tlie smooth inner lining of the vessel 
wall— is produced by extension of a purulent mastoid in- 
flammation to the sigmoid groove "and infection of the 
sinus wall from its external surface. Conglutination at 
the injured s])ot forms a base for the further i.lei>osition 
of coagulable elements from the slowly moving blood, and 
the thrombus grows by accretion. If a large area of the 
vessel wall is diseased the thrombus may have a consid- 
eral)le surface for adherence, and its attachment sjireads 
along the course of the vessel. So long as a channel for 
the streanr is maintained the thrombotic mass is known 
as a lateral or incomplete [larietal thrombus, 
and thrombosis of the vessel becouies complete only 
when its lumen is entirely obliterated. 

Migrating suppurative otitis media is the most com- 
mon cause of thrombus formation in the lateral sinus, and 
the portion of that vein in which the clotting most fre- 
(juently commences is the sigmoid portion, lying at the 
inner aspect of the mastoid process in close proximitj' to 
the posterior mastoidal cells. No pait of tlie temporal 
lione is more variable than the groo%'e on its inner sur- 
face designed for the lodgment of the sigmoid sinus. It 
may be either com])aratively shalhiw or very deep, rarely 
approaching the external surface of the mastoid cortex; 
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may follow its usual course downward and forward along 
the posterior border of tlie process, or be situated so far 
forward as to encroach upon tbe tympanic cavity. The 
most careful study of the external surface of the mastoid 
bone, as exposed during an ojieration, affords no accurate 
infonnation regarding the location of tlic sinus. It seems 
to be tbe consensus of opinion that the sinus is apt to be 
larger and more supertit'ial on the right side, and tliat, 
generally speaking, the narrower and more conical the 
shape of the process tbe closer the vessel apjiroacbes the 
antral region, and the more limited must be the field of 
operation when seeking to enter that cell by chisel or burr. 
Nor is it always possible, even at the time of operation, 
to trace with certainty the track of infection from tym- 
panum or antrum to sinus wall. 

In addition to the possible direct communication by 
means of canal iculi joining the mastoid cells and the ero- 
sion of intervening bone, consideration must he given to 
tbe small venous channels that drain tbe diseased bone 
directly or indirectly into the sinus, Tbe small veins of 
the tympanum or antmm may become inflamed or throm- 
bosed, and the jihlebitis extend along their walls to tbe 
sinus. In the majority of instances the sinus is invaded 
only after a direct and prolonged attack upon its thick 
coat by a purulent process which bas deniolisbed tbe cellu- 
lar structure of the mastoid, for not only is this tlie con- 
dition usually found when investigating a thrombosed 
sinus, but very frequently in simple mastoid ojierations 
tbe vessel is found to be exposed and bathed in ]ius, but 
not yet i)enctrated. Tbe dural covering of the siinis is a 
very resistant tissue, but, of course, nrast give way before 
virulent organism or the continued attack of a less 
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caustic enemy. When the vessel wall is inflamed, its in- 
thiial cells are soon infiltrated and become iiTcgular in 
outline or undergu deaquamatioD, so that the smoothness 
of surface normally presented to the blood stream is de- 
stroyed. At such a point clotting may readily commence, 
and as the inflammation is bacterial in origin the thrombus 
quickly becomes an infectiv'e one. 

If tlirombosis of the lateral sinus meant merely tbe 
closure of that venous channel, its occurrence would \m a 
matter of small concern to anyone. The obstruction of 
such a vessel, however, by a septic barrier is cause for 
the gravest apprehension. The route from the sigmoid 
curve of the lateral sinus to the right auricle of the heart 
is a short and easily accessible one. During the forma- 
tion of a septic clot at this point infected particles may 
Iwcome detached and washed quickly on through the .jugu- 
lar vein, or, even after obliteration of the sinus channel, 
toxines, ba'cteria, or portions of a decomposing thrombus 
may be absorbed or carried on into the genera! circulation. 

Organization of a thrombus in the lateral sinus is 
probably of very rare occurrence. Disintegration, sup- 
I>uration, and dissemination much more commonly take 
place, and general septica>mia is the logical consequence. 
Just as thrombosis of the lateral sinus may be the result 
of an extension of a thrombus originating in the petrosal 
siuus or one of the smaller veins passing from the antrum 
or tympanum immediately to the sigmoid, so an estab- 
lished clot in the latter may continue to spread along its 
course, past the jugular bulb, into the internal jugular 
vein and outward into the lumen of the smaller veins 
which empty into it from otiier directions, especially the 
condylar and mastoid eniissar\' veins. It is the obstruc- 
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wdl'gnarded fortress, its fibrinoos stmctniv fonniog an 
cntangjement for tbe advanditg baeteria and the con- 
tained pbagoc>'tes con&titirtii^ aa actire figfatiDg force. ^ 
If Ibe infection is of a mild type the thrombos may be- 
come organized, tbe constituent dements of tbe clot under- 
l^oing transformation into fibrons connective tissae, and 
an effective harrier to tbe progress of nmstoid erosion in 
that fJirection is formed. The rimlent natnre of the 
attack, liowever, is much more frequently such that puni- 
Icut iufectiou of the thrombus occurs, nUvration of tlie 
BiQUM wall follows, and the infective matter spreads along 
the dnral covering of the vessel to the meninges, or is 
taken up by neighboring vessels and carried into tlie gen- 
eral circulation. Systemic infection is far more serious 
than the local effects of suppurative thrombosis. When 
iiuturu's local resisting powers fail and pyogenic destruc- 
tion of the thrombus goes on, disintegration of the mass 
is a matter that may well occasion grave alarm. The 
|plornl bi'coines charged with myriads of microorganisms, 
inlVctivf! cinholi are trans|iorted by tbe general circulation 
(o (lintnnl jiaits of the body, and se))ficopya^niia with nieta- 
Mtatic abMccBMcs result. Such emboli may tind lodgment 
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anywhere, but are partieulai ly evident if tliey are arrested 
in the minute vessels of organs having a terminal circu- 
lation, where, through abrogation of nutrition, Lnfection 
sets in; thus metastatic abscesses most frequently occur 
in the lungs, liver, kidneys, and brain. 

Symptoms and Diagnosis.— Septic thrombosis of 
the lateral sinus originating almost invariably from puru- 
lent otitis media, it follows that practically every case 
thereof presents the history of an existent or preexisting 
otorrhcEa ; and whereas the intei*\'ening pathologic changes 
between otitis media and sinus thrombosis usually consist 
of a progressive suppurative advance through the mastoid 
bone from the antrum to the sinus groove, there will be 
evidences of mastoiditis in most cases. Generally, then, 
a patient suspected of having this disease is found to have 
the previous history and clinical [licture accepted as diag- 
nostic of mastoiditis, some of the symptoms probably 
being of an exaggerated character and giving rise to the 
quen', Has the necrotic process extended to the sinus, antl, 
if so, how far is that vessel involved! No more important 
question can confront the aural surgeon, for upon his 
ability* to promptly recognize such a phlebitis in its earli- 
est stages may depend the life of the patient. 

Among the many skilled observers and excellent sur- 
geons who have jiainstakingly studied the problems con- 
nected with lateral sinus thrombosis, and who have con- 
tributed to our knowledge of the subject, none have done 
more toward enabling us to understand the pathology of 
the affection and to recognize its symptoms than Mac- 
ewen ' and Whiting.^ To the latter especially the pro- 

' " Pyogenic Diseases of Brain and Spinal Cord," Glaspjw, 1893. 
' Archivti of Otology, 1898, vol, xxvii, pp. 26-71 and 506-643. 
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and traatmeot aa well aa diagnosis. According to Whit- ' 
Ingf* "the ooarae of sigmoid sitiiis tlironibosis may be 
ootrvenientJy dettignated for jiarjioses of dinical daaaifi- 
cotion m compri«iDg three stages, cbaracterized by local 
and sygteniic iiianifegtations : First stage- The pr 
of a tliroinhuii, jiarietal or complete, not having undergone^ 
(iiftintcgration, aud accompaDied by slight or moderate 
pyrexia, rigora being usually insignificaQt or absent. 
Hcc>ond 8tage: The presence of a tbronibus, ]iarietal or 
complete, which has undergone diBintegration with resnlt- 
ing systemic abaorjition, characterized by frequent rigors 
and pronounced septicopya-mie fluctuation of temperattire. 
Third wtiigc: The presence of a thrombus, parietal or cora- 
|»k*tt?, which has undergone disintegration with systemic 
alworption, accompanied by rigors, rapid and great fluc- 
tuations of temperature, and central or peripheral embolic 
metastases, terminating usually in a septic pneumonia, 
enteritirt, or meningitis." 

I1ie dlugnoHis in this first stage is not easily and 
surely made prior to opening of the mastoid cells. The 
detection of a thrombus so soon after its formation has 
most frequently haptiened during operations for mas- 
toiditis, and when the pursuit of carious fistulae or the 
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removal of granulation tissue and necrotic bone has caused 
the operator to expose the sinus and disclose its abnormal 
condition. The symptoms occurring in association with 
mastoiditis, which should cause one to suspect interference 
with the sinus, are hemicrania, radiating over the entire 
side of the head, but not necessarily of a severe nature; 
tenderness in the upper part of the posterior cervical tri- 
angle and along the course of the mastoid emissaiy vein ; 
and cpdema of the neck in these regions. None of these 
symptoms are so marked in degree as they will be in the 
second stage, but the fact of their existence at all in any 
case of mastoiditis should arouse suspicion regai'ding the 
state of the sinus. Leucocytusis, with a great i>redomi- 
nance of the polymorphonuclear cells, is generally much 
higher when tlie sinus is infected than when a simple 
mastoiditis exists. 

AVhen in the course of a mastoid operation tlie sinus 
is found to have been exposed to infection by the progress 
of a septic inflammation, the vessel nmst be most carefully 
inspected for evidences of thrombosis. That the simis is 
surrounded by diseased bone and its walls bathed in pus, 
or even that its external surface is covered by granulation 
titssue, is not conclusive proof that the disease has pene- 
trated Uie vessel wall. If a complete thrombus occupies 
the venous channel, that fact can usually be quickly ascer- 
tained. Palpation elicits a feeling of doughy resistance, 
and aspiration fails to draw away fluid blood. A partial 
thrombosis is not so readily determined. Aspiration can- 
not be relied upon ; the needle may pass through a parietal 
dot and secure blood from beyond, so the withdrawal of 
blood does not ]irove the nonexistence of a thrombus. 
Sometimes such a clot can be felt by the uneven manner 



3TrPf*f^RATrVE f,TrTLS MEDIA 

which tli^ <^o''ap8e8 under pressure br 

ftnger. 

The (^Wniral features of the seeond stage are far i 
ele^ir and more easily recognizable. The patliologrica] 
feotttidary line between the first and seeond stages has been 
dencrihed a« the point at which .septic disintegration of 
the thrombus begins, and the clinical separation is based 
upon the apparent ron^e'inences of dissemination of this 
infeftod material, ft is npon the recognition of the tran- 
sition hj-twet'n the first and sei-ond stages that sn.>ees»ful 
treatment dejieTidti, and a wateiiful eye should be kept for 
the earliest apfjearance of septic ahsoqition. 

A suflden chill is usually the first manifestation of 
wptic ahHorption, and then follow the essential symptoms 
of hlf»r«l poisoning of microbic origin; characteristic flac- 
tnatioTis (if tt intierature, consisting of an irregular rise 
and fall, sometiniea reaching an eseeptionally high degree, 
and never falling as low as the normal; repeate<l chills 
follow»tl hy profuse and debilitating sweats; rapid pulse 
and resfiiration ; loss of appetite; constipation; and pos- 
sibly If»ss of consciousness, or delirium. An unusually 
high fever in mastoiditis should suggest the possibility 
of meningeal or vascular coraijlications, but tiw occur- 
rence of a sharp chill in such a case is the .strongest rea- 
Bon for su8i)ef'ting sinus involvement, and if the chill is 
followed by the irregular febrile condition, the temjiera- 
ture curve of which is indicative of general sej^sis, the 
diagnosis of a cnmibling thrombosis is absolute. The 
state of septicjpmia may he reached and the disease pro- 
ceed tf» a fatal termination without a chill or sweat having 
Iwen noted, but such cases are atypical. The typical case 
liiKtory records the existence of constant headache, irregn- 
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larly liigli fever, and repeated eliills followed by profuse 
perspiration. Many jiatients show at this time a [jeculiarly 
striking facial expression — the appearance of dread of 
some imj>ending disaster ; a look of alann and fear. The 
symptoitis related as possibly ascertainable in the first 
stage are all apt to be more prominent in the second; 
headache is constant and most severe; tenderness in the 
posterior ceiTical triangle and over the mastoid emissary 
vein is more marked; cedema of the soft tissues of the 
neck and pufifiuess about tlie eyelids are more noticeable, 
and occasionally ophthalmoscopic examination of the eye 
discloses tJie existence of optic neuritis. Tenderness along 
the anterior border of the 8terno-eleido-niastoi<l muscle 
indicates extension of the inflammation txj the internal 
jugular vein, and it is possible in some instances to feel 
that vessel as a small cord. 

The third stage is marked by an intensification of all 
the sjTiiptoms previously spoken of, and by the advent of 
evidences of metastasis. Septic emboli once launched 
into the general circulation through the iutermil jugular 
vein may be dejjosited in the smaller arterioles in any 
part of the body. Statistics of reported cases show that 
the lungs are affected in this way far more frequently 
than any other organ, and puhnonaiy abscesses and septic 
imeumouia are frequently tenninal affections to a latent 
sinus thrombosis. Enteritis, meningitis, and nephritis are, 
however, observed as complications, as well as more super- 
ficial abscesses. 

I Prognosis. — The prognosis of sinus thrombosis that 
arises from an infective otitis media is always serious. 
Spontaneous recovery is not unknown, but that it will 
occur in any given case can never be predicted, and must 
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intervene with celerity in order to prevent the graver eon- 
sequences of infection. 

Whether as a continuance of a mastoid operation which 
has exposed an unsuspected sinus thrombosis, or as an 
operation instituted primarily for the abstraction of an 
inferred thrombus, the surgeon must work with the double 
object of removing as much as possible of the septic focus 
within the mastoid bone and the sinus, and preventing the 
spread of infective matter to the general circulation. 

That a clear field of operation may be secured and no 
chance of inefficient work be taken, the whole sinus wall 
should be ex|)osed from the knee down to the jugular bulb. 
J]very jireeaution should be taken to avoid wounding tlie 
vessel's coat while removing its bony covering, and every 
visible pai'tide of necrotic bone and septic material should 
he cleaned out of the mastoid process before the vein is 
opened. Furthermore, it is wise, as a rule, to ligate the 
internal jugular vein before attempting to break up the 
thrtimbus occupying the sinus. One can never l>e abso- 
lutely certain about the bacteriologic condition of the 
thrombus; it is presumably infected. To open the sinus 
and attempt removal of the thrombus piecemeal with the 
jugular venous channel patent affords the opportunity at 
least for an embolus to be passed on to the central cir- 
culation. The portion of clot below the starting point 
may look innocent and yet be very dangerous. To leave 
the jugular plugged at its bulbous portion by a clot of 
doubtful character is certainly risky. It can make little 
ditferenc^ to the patient whether his jugular is obliterated 
a little below or a little above the angle of the jaw, and 
he is surely getting the advantage of conservative con- 
sideration when his vein is tied off at a point certainly 
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below any probably infet-ted region. Ligation of the in- 
tomal jugular in a siinplf operation that can be easily 
and t|ui<'kly pei foniKMl, and it adds soarcf-ly any calculable 
risk to tlif main operation, while the sense of security 
which comes of knowledge tliat the main pathway of gen- 
eral infection is obstructed is invaluable. 

Having ligated the vein and resected it as far upward 
as ])ossible, tying otT all large Ijrancbes, the mastoid 
wound may again he uncovered and the sinus o]iened. 
Jneisiun slionld he made in tlic long axis of the vessel and 
tlie clot removed first from the upiwr jiortion, the curette 
being emiiloyed ti) break up and withdraw the mass until 
a free flow of blood is estaiilished. By iiressure of a 
gauze pledget on the vessel wall, above the incision, hem- 
orrhage can be readily checked. Then the lower end of 
tlie sinus shoultl be likewise curetted for the conijilete 
evacuation of all the thromlius. If the lower jrortion of 
the sinus and the vein have seemed to be healthy, the neek 
wound may be closed for union by first intention. The 
mastoid is to be dressed in the regular manner, 

3. LABYRINTHINE SUPPTOATION 

The number of cases of labyrinthine complication ap- 
pears surprisingly suuill when the freijuency of sujipura- 
tive middle-ear disease is considered, and the infrequency 
of reported observations in this field must be attributed 
to the difficulties in making accurate diagnoses from the 
clinical symptoms alone, and to the fact that proper ex- 
ploratory ojierations have Iwen developed only within 
recent years. Altliouglt a few cases of labyrinthine ne- 
crosis were recorded as much as thirty years ago, by 
Wilde, Toynbee, and 8ehwartze, it may truly be said that 
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all the valuable infonnation conceniing the pathology and 
treatment of this affection has been given to the medical 
■world during the past five years. The rapid development 
of the operation of tympanomastoid exenteration, with its 
possibilities for inspection of the internal wall of the 
tymi>anum, has opened up a new and promising field for 
aural investigation. 

tjuite a series of instructive reports upon studies in 
this inviting region have recently appeared, but perhaps 
the most comprehensive and satisfactory are the mono- 
graph by Friedrieh/ and an article concerning the opera- 
tive treatment by Bourguet.^ In the light of the knowl- 
edge gained from recent workers, it is quite probable 
that the diagnosis of labyrinthine suppuration will be 
facilitated, and that many cases will hereafter be projierly 
classified which heretofore have been included under the 
broader diagnosis of suppurative leptomeningitis. On the 
other hand, it is more than likely that the actual number 
of cases of labyrinthine disease is decreasing, because of 
tlie imiiroved methods of treating middle-ear suppura- 
tions. The most reliable statistics obtainable at present 
indicate that one case of labyrintliine suppuration occurs 
in every 100 eases of purulent middle-ear disease, or one 
per cent. 

Aetiology. — In the majority of cases labyrinthine 
infection is secondarj' to chronic suppurative otitis media, 
but it may occur in acute otitis associated with a virulent 
attack of measles or scarlet fever. The constitutional dis- 



' " Die Eitfrungen dps Ohrlabyrintha," von E. P. Friedrirh, Wiesbaden, 
19(J5. Verlag von J. F. Berjimnm. 

'"Chinirpie iJu LaUyrinthe." Annales des Maladiea <k TOreitte e/ du 
Larynx, t. xjtxi, No. 9, 1905. , 
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eases wbicb may be considered as setiologic factors are 
scarlet fever, measles, influenza, and tuberculosis. That 
the acute exanthemata should play an important part as 
jptiologic factors is understandable, and it is a noteworthy 
fact that the reported eases sliow a predominant number 
occurring during the first decade of life, the condition of 
the bones in childhood probably explaining the tendency 
to sequestrum fonnation. 

Among the cases resulting from a long-continued sup- 
purative process in the middle ear, and without evidences 
of constitutional influence, a very considerable proportion 
belong to the tyi>e in which cholesteatoma formation is 
noted. Invasion of the labyrinth wall naturally follows 
where cholesteatoma produces destruction of the bone by 
pressure necrosis. 

Not all cases of labyrinthine suppuration, however, re- 
sult from middle-ear disease. Sui»purative cerebro-spinal 
meningitis, whether of the epidemic form or of the infec- 
tious type fotlowiug trauma, may invade tlie labyriuth 
tlirough the internal auditoiy canal or by way of tlie 
afjueductus cochlea. 

Pathology. — The wide variability of the pneumatic 
structure of the mastoid process is also reflected in the 
bony tissue surrounding the labyrinth. The cellular struc- 
ture of the floor of the tympanum may comnmnicate with 
similar spaces under the labyrinth, and the partition be- 
tween the antrum and labyrinth may be composed largely 
of pneumatic cells. Through the accumulation of puru- 
lent secretions or the growth of cholesteatomatous material 
in the attic and aditus ad antrum, this cellular structure 
is subjected to caries or pressure necrosis, and the hori- 
zontal aad superior semicircular canals are thus exposed 
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to iovasioD. While it is possible that the internal wall 
of the atrium may break dovn under the infloence of an 
extensive caries, the promontorv rarelv presents an iso- 
lated fistnla, but is only found to have been invaded when 
other portions of the inner wall have also given way to 
ulceration. A suppurative process in the tymjianic cavity 
more readily enters the labyrinth through the oval or 
round windows, piercing the menibrauous covering of the 
latter or eroding the foot]ilate of the sta])es or its annular 
ligament. 

The parts of the labyrinth particularly exjjosed to in- 
fection from the middle ear are, conseciueutly, the vesti- 
bule, cochlea, and horizontal semicircular canal. Accord- 
ing to Gerber,* the path of infection lies most frequently 
through the foramen rotund urn, and io eighty-nine cases 
of labyrinth necrosis complete or partial destruction of 
the cochlea existed in seventy-nine (eighty-eight i>er cent). 
It seems probable that wlien a jmrulent inflammation 
enters the semicircular canals or tlie oval window it soon 
spreads to the vestibule and cochlea, but a limitation of 
the process to isolated areas of the canals or the vestibule 
is not impossible. 

Extension of the labvrintbine suppuration into the 
cranial cavity usually takes place along the course of the 
auditory nerve or by way of the aqueductus cochlea, and 
the latter route is the more dangerous because it estab- 
hshes direct communication with the subarachnoid spaces. 
When the superior canal is affected, and it cncronchcs 
ujion the Hoor of the cerebral cavity, or this bony jjarti- 
tion is marked by dehiscences, erosion into the subdural 



' "tJeber Labyrinthnecrose." Arvhiv f. OhrffMk., Xovember, 1903. 
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space is most likely. It follows that the most frequent 
serious consequences of labyrinthitis are suppurative men- 
ingitis and extradural abscess. Abscesses of the cerebrum 
and cerebellum and infective lateral sinus thrombosis 
occasionally occur as complications or sequelse of suppu- 
rative labyrinthitis. 

Symptoms. — The objective symptoms of labyrinthine 
disease are few and unreliable, prior to an operative in- 
vestigation. A suppurative otitis media, usually chronic, 
is almost invariably present, and in most instances this 
has been the result of a recent attack of scarlet fever, 
measles, or influenza, or has been aggravat*>d by one of 
the debilitating diseases like tuberculosis or diabetes. The 
only characteristic sign of bone disease in the labyrinthine 
capsule is the appearance of granulation tissue springing 
from the inner wall of the tympanum, with roughened, 
carious bone undenieath. Pus exuding from the oval win- 
dow, or from tlje promontoiy, particularly if it rapidly 
reappears after being wijied away, is of positive diagnos- 
tic value. Facial jiaralysis occurs very frequently with 
labyrinthine suppuration, because of the inclusion uf the 
facial canal in the necrotic process, and whenever ob- 
served in connection with chronic purulent middle-ear dis- 
ease should suggest a careful study of other s\nnptoms 
that may jioint to invasion of the labyrinth. 

The most suggestive subjective symptoms are tin- 
nitus, deafness, and vertigo. Headache is a common 
accompaniment of all forms of temporal bone inflamma- 
tion, and especially of their cerebral complications, and 
the febrile condition, likewise, in this affection shows 
nothing clmractcnstic. 

Tinnitus, when noted, has usually been an early symp- 
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torn, and with the progress of th^ disease was soon ahoh 
ished. Marked impairment of hearing exists in all cases, 
and varies from a shortening of the lower or the upper 
tone limits to complete loss of function. Vertigo is the 
most constant symptom aocompanying suppuration within 
the confines of the internal ear, and sometimes it is asso- 
ciated with horizontal nystagmus. In the early stages 
the vertiginous attacks may be followed by nai^ea and 
vomiting. 

Diagnosis. — It is thus apj^arent that a positive diag- 
nosis from i>reoperative inspection can seldom be made. 
ln*tbe majority of eases treatment mast be instituted upon 
tfie basis of a ] probable lesion, the proof of whose exist- 
ence depends uixin exi>loratory operation. 

It is said that nystagmus, when it exists, can best be 
illustrated by having the patient turn his head toward the 
unaffected side and fix an object in that direction. Dis- 
turbances of e<iuilibrium seem to be aggravatetl when the 
head is turned toward the affected side, and, when under 
test, the staggering or falling is generally to that side. 

Headache, fever, vertigo, and nausea are symptoms of 
meningeal and cerebral irritation as well as of labyrin- 
thine disease, and tinnitus and deafness coexisting with 
these s\Tii]>toms are not conclusive evidence of purulency 
in the cochlea or canals, hence the necessity for ojicrative 
exposure of the inner wall of the tympanum to prove the 
diagnosis. Even then it will often require most careful 
search to find the portal of entry or exit of inflanunatory 
products. Granulations protruding from the oval or 
round windows are easily recognized. Carious fistula? in 
the semicircular canal walls or the promontorj-- are not so 

readily discovered; they must be sought for with fine 
u 
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probes. Polypoid masses springing from the internal 
wall, at any point, are suggestive of bone caries beneatb, 
WTien no fistula can be found, it may oeeasionally be ob- 
ser\'ed that the semicircular canal presents a bluish or 
brownish discoloration, due to the appearance of granu- 
lations and blood clots as seen through the thin bony wall 
of the canal. 

It has been said that supjiurative meningitis is the 
most common sequel of labyrinthitis, and it is that which 
makes the prognosis of the latter disease a grave one. 
The similarity between lahyrintbine and meningeal symp- 
toms renders it all the more difficult to determine in any 
given case that meningitis lias not been already incited. 
In some instances valuable information can be gained by 
the aid of spinal puncture. Su]ipurative meningitis is 
usually preceded by a stage of serous meningitis, and at 
this time, although the spinal fluid may contain no bae- 
teria or f'ellular structures, it flows out with evidences of 
being under high pressure. Aside from the diagnostic 
importance of this measure, some [irognostic information 
may he obtained by a study of the changing character of 
the findings if repeated punctures be made. As the menin- 
gitis increases in viruleucy, microscopic examination of 
tlic cerebro-sjtinal fluid will demonstrate the presence of 
cellular constituents, and, finally, of bacteria. 

Prognosis and Treatment. — Purulent disease of 
the labyrinth is always dangerous. Surgical measures 
afford the only hope of satisfactoiy treatment, and every 
case of sup]mrative middle-ear disease presenting the 
complicating sym]ttoms of fever, headache, deafness, and 
vertigo should be subjected to a thorough exploratory 
operation. The mortality of the operation itself is ex- 
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ceedingly small, whereas the mortalitj' of unoperated cases 
of labyrintjjiiie suppuration is very high. 

The operation j>erformed should consist of a complete 
mastoido-tympanal exenteration, and a sufficient area of 
the outer surface of the temporal hone removed to per- 
mit a clear view, under illumination, of the internal tym- 
pauic wall. When caries or necrosis of the labyrinth wall 
is discovered, the best results will be obtained by a thor- 
ough opening of the labyrinth and following the suppura- 
tive tract wherever it may lead. Should a perforation 
into the horizontal semicircular eaual alone be found, for 
instance, it is not sufficient to clean out that area and stop, 
for pathological investigations have shown that the sujv 
puration has usually extended to the inner recesses of 
the vestibule and cochlea; hence the vestibule should be 
opened below, and the oval and round windows connected 
by removal of the promontory. (See Appendix, note 8.) 

Fairly satisfactoiy results will follow thorough sur- 
gical treatment even in the cases where serous meningitis 
has been previously established. In these operations no 
attempt should be made to secure primarj' closure of the 
postaural wound. Healing and epidermization of the 
cavity will be slow, requiring dressings for several months 
in some cases, and constant attention to prevent exube- 
rant granulation in the upper parts of the wound is 
necessary. 

4. CEREBRAL AND CEREBELLAR ABSCESS AND SEPTIC 
MENINGITIS 

Aetiology. — Pyogenic microorganisms are the active 
agents of brain abscess in all cases. The introduction of 
bacteria to the cerebral cavity is gained through \mmi- 
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tnred w mn i b or fnetnraB of Iht AmBy hr flie extenBcn 
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f Mtion. Intracrudal inflammatiMi of otitic ori^n is more 
eommon than that dne to all other canseB combined, some- 
what more than fifty per cent of all eases being traeesble 
to chronic suppurative otitis media. 

Pathology. — ^The pathologic process i nv o lv ed in an 
extension of s uppur ation of flie middle ear to and throogji 
the mastoid portion of the temporal bone, tiie demofition 
of reilnlar stmctnres within the mastoid, and erosion of 
the bony partitions that separate the tympanum and mas- 
toid cells from the cerebrum, cerebellum, and lateral sinus, 
has been fully explained in the preceding pages. The 
actual attack upon the meninges and cerebral and eere- 
lieliar structures will be more fully considered now. Cari- 
ous r]«;struction of the tymjianic and antral walls does not 
*ixUiinl e*\ua\]y in all directions, but follows the line of 
Urtij^t rf-«istanr«. It thus follows that in some cases the 
Mtipiftjrativc; tract is downward through the tip of the 
jfUHfrns into the digastric fossa; in others, posteriorly 
and iritr?mally to the cerebellar spaoe or the sigmoid 
y^T(ni\f-; and yet in others, upward through the roof of 
tlio tyiniianum or antrum into the cerebral cavity. When 
bniin aljJK'i.'Ss follows erosion of the tegmen tympani it 
MHually lof-ates in the teniporosphenoidal lobe; if it fol- 
lows invHHion of the sigmoid groove, the cerebellum is 
apt fo h<' flu; site of infection. 

iV-rfrM-ating orosion of the tympanum and mastoid is 
not K*'»''''<'illy a i'ai»i(l jirocess, nor a part of an acute in- 
flaininatioii in those regions. Most frecjuently it is the 
result of fhronie, slowly progressing infection, and nature 
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has ever)' opportunity to prepare whatever resistance is 
in her power. Advancing necrosis is always preeetled by 
a zone of inHamed and infiltrated tissue. It happens, 
therefore, that by tiie time perforation of the bony teg- 
men is completed, irritation of the adjacent dura mater 
has led to the outpouring of a plastic exudate, and even 
to the formation of a resisting wall of granulation tissue. 
Such a harrier may prove sufficient to obstruct the devas- 
tating process, and even to assist in removing inflamma- 
tory dehris. By fibrous organization of the exudate 
beyond the area of necrosis the dura becomes adherent to 
tlie healthy bone, and the condition is known as a limited 
external pachymeningitis; if pus collects in the circum- 
scribed area it constitutes a subdural abscess. 

More extensive inflammation of the dura or invasion 
of the pia and arachnoid may result from direct spread- 
ing of the disease to contiguous parts, and the issue will 
be a more diffuse pachymeningitis or a ]ei>tomeningitis. 
Direct and demonstrable extension of a necrotic path from 
tymjianum to meninges is not always possible, in inflam- 
mation of the latter tissue following otitis, but an indirect 
route may often be traced through infective thrombosis 
of the small vessels running from the diseased bone to the 
cerebral sinuses or by septic emboli carried some distance 
from their source. Another mode of infection of the 
meninges, occurring especially in childhood, is by the fil- 
tration of pus from the mastoid cells through the still 
open petrosquamosal suture. 

Pachymeningitis extends slowly and without serious 
symptoms until other and more delicate structures are 
involved. Leptomeningitis, on the other hand, spreads 
rapidly because of the weblike composition of the arach- 
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noid and the great vascularity of the pia mater. It is of 
much more serious import than inflaramatiou limited to 
the external brain covering, and is soon complicated by 
infection of the cerebro-spinal fluid and involvement of 
the cranial and spinal nerves. The cortex of tlie brain 
and cord is seldom involved, but in some eases areas of 
oedema and softening of the sui>erficial layers may be 
found, with some infiltration with pus cells. The inflam- 
matory exudate is usually confined to the meshes of the 
arachnopia, and its distribution varies in accordance with 
the virulence and duration of the infection, sometimes 
being limited to a small area at the point of invasion, and, 
again, extending over almost the entire brain surface. 
Fibrinous in character, it holds in its meshes clusters of 
polynuclear leucocytes, bacteria, and a few epithelioid 
cells. The microorganisms most frequently obtained from 
culture, either at autopsy or from the cerehro-spinal fluid 
taken by lumbar puncture, are the pneuinococcus and 
streptococcus. Purulent meningitis may be followed by 
abscess fonnation in any part of the brain or s))inal cord, 
or death may occur from toxiemia Ijefore extensive lesions 
in the pia are produced. 

As has already been said, infection may jump from 
the tympanum or mastoid to some portion of the brain 
substance, leaving the intervening bone and meningeal tis- 
sues perfectly healthy, or, proceeding along the course of 
some blood vessel, or by a scarcely visible necrotic canal, 
enter the cerebral substance and set up abscess formation. 
In the majority of instances of brain abscess resulting 
from middle-ear disease it is tlie white matter of the 
tempo rosphenoidal lobe that is aflfected, and the passage- 
way of the purulent process can be clearly traced through 
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the tegiuen of the tyinpanum or aiitniiii. The hacteria 
most I'oiimiouly concerned are the Streiitococcus jiyogenes, 
Staphylococeus pyogenes aureus, and Pneuraococcus, the 
same organism, as a rule, being isolated from the pus of 
the abscess as from the middle-ear discharge. 

The next most frequent site of brain abscess is in the 
cerebellar lobe, and the necrotic route traversed is from 
the mastoid cells through the sigmoid groove. A brain 
abscess may gravitate to the surface, and, rupturing the 
meninges, discharge itself through the tympanum and 
external auditoiy canal, or may spread over the cerebrum 
and excite an extensive meningitis. Contrariwise, if mo- 
lecular disintegration is checked and tlie tissues retain 
adequate animation, the abscess contents may undergo 
al>sor{ition or enca]>sulation. In the latter event, after an 
indefinite period of quiescence, renewed activity may be 
excited in tlie abscess by reinfection or traumatic dis- 
turbance. 

Symptoms and Diagnosis. — Accurate differentia- 
tion of meningitis, sinus thrond)osis, and cncci)lmlic ab- 
scess is always attended by difficulty and uncertainty, and 
when, as frefiuently happens, two or more of these con- 
ditions occur coincidently, confusion is greatly increased. 
By close attention to the localizing sjTnptoma of abscess, 
the external evidences of venous obstruction, and the 
more or less characteristic features of meningeal irrita- 
tion, a definite diagnosis is generally possible. 

The clinical history of thrombosis of the lateral sinus 
has been given. Meningitis of otitic origin may occur 
independently of sinus or encephalic infection, or it may 
precede or follow sujipuration in eitlicr vicinity ; and the 
symptoms may vary, further, according to whether in- 
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flamniation iuvolves the dura or the araclmopia separately 
or together. 

Since the majority of eases of all the mentioned intra- 
cranial affections result from purulent otitis media, and 
are directly or indirectly due to the ravishing progress 
of that disease, certain symptoms are common to all. 
Thus, very many cases, at the time the otologic surgeon 
is consulted, give the following clinical histoiy: chronic 
otorrhcea, probably originating in an attack of one or 
other of the exanthematous fevers, has existed for a pro- 
longed period, but the patient had become so accustomed 
to the discharge that it gave him no concern. Suddenly, 
as a result of reinfection or the occurrence of something 
which could excite the dormant microorganisms to re- 
newed activity, symptoms of acute middle-ear inflamma* 
tion arose. Pain in the ear and over the temporal region 
accompanied a genera! febrile condition. The mastoid 
region became tender to the touch, and its covering tis- 
sues more or less tpdematons. The discharge from the 
ear njay have increased in amount, changed in character, 
or, in some cases, ceased entirely. By elimination in 
diagnosis, other possible causes for the fever have been 
ruled out, and suppuration within the temporal bone is 
the one thing to be considered. 

From this point the symptoms begin to vary, accord- 
ing to the route traversed by the suppurative inflammation 
and the nature and extent of the tissues attacked. The 
oceun'ence of a sharp chill at this time is strongly sug- 
gestive of intracranial invasion, and if it be preceded or 
followed by an irregularly high temperature the lateri 
sinns is almost certainly involved. A chill may attend 
the acute infection of any new structures, but is not com- 
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mon in tlie early stages of ineniDgitis, and in brain abscess 
is associated with low temperature aiid slow pulse. Re- 
peated chills and sweats are frequent in sinus throm- 
bosis, but atypical cases do occur in which neither chills 
nor sweats appear at any stage of the illness. A well- 
kept temperature chart, recording temperatures taken at 
intervals of not more than two hours, is a valuable guide 
in determining the location of intracranial inflainmation. 
' A persistently higli fever indicates leptomeningitis ; a 
moderately low degree of fever, with occasional periods 
of subnonnality, jwints to a collection of pus within the 
brain substance; while a zigzagging line on the chart, 
showing abrupt and radical rising and falling of tempera- 
ture, suggests very strongly sejitic absorption from a dis- 
integrating thrombus in the lateral sinus. Of course, such 
deductions can only be problematic. 

Except for the localizing symptoms of impaired func- 
tion that result from injury to or disease of specific areas 
of the cerebral cortex or of the cranial nerves, most of 
the other symptoms that occur in brain abscess and menin- 
geal inflammation are of too general a nature to 1k' helpful 
in defining tlte precise situation of a lesion. 0[>tic neu- 
ritis has been found in cases of thrombosis as well as in 
meningitis and brain abscess; when present, it can only 
indicate excessive intracranial pressure. Nausea and 
vomiting likewise occur with all these conditions. Ver- 
tigo, convulsions, delirium, psychic disturbances, and loss 
of consciousness l)elong in the same category as symptoms 
that indicate serious intracranial disturbance, but point 
to no particular region as their source. 

An examination of the cerebro-spinal fluid, in cases of 
adspected meningitis, may help greatly to clear the diag- 
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nosis. Lumbar puncture is a simple and barraless opera- 
tion, and sbould be employed in all doubtful cases. If 
the Huid thus obtained is not I'lerfeetly clear, or if a sedi- 
ment is deposited after standing a while, it may be con- 
sidered to be abnormal, Mieroscoi>ic examiuation should 
be made to disclose the presence of any pus cells or fibrin, 
and cultures taken on suitable media for the propagation 
of bacteria, which may not always be easily found in the 
fluid specimens. 

In view of what bas been said above, it will be seen 
that any grouping of symptoms under the respective dis- 
ease headings can only be taken as suggestive. 

External purulent pachymeningitis, or extradural ab- 
scess, one of tlie most frequent complications of aural 
suppuration, is rarely positively diagnosed lu'ior to opera- 
tion. There are no definite nnd characteristic symptoms. 
Sometimes the picture is closely analogous to that of 
enoepbalitis; in other cases— and the majority are em- 
braced in this class — the subdural pus collection is only 
discovered when operating for relief of an aggravated 
mastoiditis. High fever, slow pulse, and severe headache 
are tlie most prominent symiitoms. 

Diffuse Purulent Leptomeningitis. — The earliest symp- 
toms are apt to he those of irritation of the meninges — 
vertigo, vomiting, insomnia, rigidity of the neck muscles, 
irregularity of pupil action, bypera^sthesia of the nerves 
of sensation, and delirium. The headache is not generally 
so violent as that of pachymeningitis. Temperature is 
variable, rarely subnormal, but usually persistently hiijh. 
In the later stages, paralytic symptoms occur: dilatation 
of the pupils, paresis of the external eye muscles, facial- 
nerve paralysis, and hemiplegia. Optic neuritis of choked- 
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disk variety is often Doted. Kernig's symptom — inability 
to extend the knee while in the sitting yxisition — is a fairly 
constant one. Stupor, followed by coma and Cheyne- 
Stokes respiration, mark the fatal ca^s. 

Cerebral Abscess.— Witli ven.* few exceptions otitic 
abscesses have located in the temjKjral lobe. On the right 
side, except in left-haoded persons, they canse very few 
focal symptoms. On the left, they produce the character- 
istic phenomena of aphasia.' A i)ersistently low degree 
of fever, wiUi occasional or continued periods of subnor- 
mal temiierature, accompanied by slow pulse, is very 
characteristic of encephalitis ; the pulse rate may fall be- 
low thirty- five per minute, and hold on between forty and 
fifty for days at a time. Headache, nausea, general rest- 
lessness and irritability, mental confusion and optic neu- 
ritis, mark luost cases. 

In some instances localizing symptoms, dependent 
upon involvement of a definite part of the brain, are ap- 
parent. The headache may be localized, and percussion 
on the skull over the abscess site increase the [lain or 
elicit marked tenderness. The si>ot at which such tender- 
ness is most commonly found is the posterior inferior 
angle of the temporal bone. The graver symptoms of the 
more serious cases are those of septic cerebral or spinal 
leptomeningitis, superinduced by rupture of the abscess 
and escajie of pus onto the brain surface or into the 
ventricles. 

Cerebellar Abscess. — Occipital headache, rigidity of 
the neck, severe vertigo, frequent vomiting attacks, and 
disturbances of muscular coordination, are the symjitoras " 



' S«e Appendix, note No. 4. 
' See Appendix, note No. 5. 
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dejjended uiton for distiaguishing between cerebral and 
cerebellar abscesses, but tJiey will often be insufficiently 
evident to make a clear differentiation. 

Prognosis.— Cure by absoriition of purulent mate- 
rial deposited in tbe brain substance is an improbability. 
Encapsulation can occur and a long period of quiescence 
may ensue, but a j^ermanent cure by this means must be 
rare. An abscess fonuatian in tbe brain is likely to prove 
fatal unless surgical intervention is funiisbod. Macewen 
has shown that even the worst cases are hopeful if thor- 
ough operative measures be instituted as soon as the diag- 
nosis is determiued. Extradural abscesses may be easily 
evacuated, and, if not complicated hy lesions of the arach- 
nopia, tbe tendency is favorable. Pus cavities in tbe 
temporal lobe are not always accessible, but when found 
and cleaned out afford a satisfactory pros]tect of recovery. 
Cerebellar abscesses are less hopeful, because the route 
of infection has so often been by way of the sigmoid 
groove, and coincident invasion of tbe sinus has led to 
general sepsis. Leptomeningitis is least jiromising of all. 
Sui>]mrative inflammation of the arachnopia spreads so 
ra]>idly and destroys vital structures so quickly that oper- 
ative assistance will usually arrive too late. This should 
not deter tbe surgeon from lending his aid in any case, 
tor a number of rather remarkable recoveries have re- 
sulted from ojierative intervention in apparently bo]>eless 
eases. With eradication of tbe mastoid and middle-ear 
disease, exposure of tbe infected meninges, by incision 
through the dura if neceRsary, and the repeated employ- 
ment of lumbar puncture, a fair percentage of successes 
may be hoped for. 
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MIDDLE-EAR OPERATIONS 

Operations upon tlie druiiibead ami ossicles, and 
within tlie middle car, are usually done tlirough the natu- 
ral ehaunel of the external auditory canal. Wlien this 
canal does not permit a suffieieutly free aecess to the 
operative field, it is necessary to reflect the auricle for- 
ward, by means of a curvilinear incision through the in- 
tegument and underlying soft tissues. This necessity is 
of comparatively rare occurrence, for, even when the ex- 
tei-nal auditory canal is much narrowed, it is possible, 
under good illumination and with the exercise of an edu- 
cated tactile sense, to do the majority of the minor middle- 
ear oiTcrations through the natural channel. 

In all oijcrations involving the opening of the tyin- 
panic cavity, especially in those apjilied to the relief of 
conditions incident to nonsuppurative disease, the careful 
sterilization of the fanal, of the auricle, and of such parts 
of the head and neck of the patient as may come in eon- 
tact with the hand of the surgeon, as already described, 
should be practiced. 

In emergency operations, such as the incisions of the 
menibrana t\inpant for phlebotomy, or to give exit to 
fluid, when the more thorough precautions of sterilization 
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are not i^ossible, it is still important to have the hands of 
tlie operator, and the instruments and dressings which he 
uses, sterile, and to avoid contact of the foruier witli the 
patient, and of the instruments with the walls of the canal. 

PARACENTESIS 

The simple operation of incising the drumhead is usu- 
ally for the purpose of relieving blood pressure or of 
evacuating fluid contents of tJie middle ear; contents which 
may vary in quantity from a few drops to a body of fluid 
suflBcient to fill the whole tym]iannm, and in consistence 
from the thinness of fresh serum to the thickness of in- 
spissated mucus. 

Tlie jioint usually chosen for paracentesis for the 
evacuation of fluid is the posterior inferior quadrant of 
the drumhead, the incision varying in size from that of a 
simple puncture to a cut of five or more millimeters in 
length, made from helow upward and parallel to the 
I»ripheral line of the drumhead. 

For purposes of phlebotomy, in cases of acute conges- 
tion in the epitympanum, the incision is usually made 
along the posterior superior peripltery, from lielow up- 
ward, ending at or near the short ]irocess of the malleus, 
and capahle of penetrating to the deeper layer of blood 
vessels in the inner tympanic fold. 

After incision, in acute cases with merely serous out- 
flow, the ear should he wiped, plugged at the meatus with 
a piece of sterile cotton, or the canal filled with a loosely 
rolled absorbent-cotton wick extending as far oxit as the 
entrance of the canal : over this, and filling the concha, a 
second piece of cotton should be placed, directions being 
given for its renewal when thoroughly moistened by the 
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outflow from the ear, fresli cotton then being applied 
externally, but the drainage wick allowed to remain in 
place for several hours at a time, and changed only 
under conditions of careful sterilization of the bands 
which roll the wick and of the instruments which intro- 
duce it. 

In the early stages of acute congestion where para- 
centesis has been done, observation of the character of the 
subsequent discharge, especially in relation to the amount 
of blood which it contains, is sometimes important. Un- 
der favorable conditions, with gradual subsidence of the 
congestion, the red blood covimscles will gradually de- 
crease and the discharge become more simply serous. 
In the event of unfavorable general conditions, overtire, 
faulty digestion, or some other cause for a recurrence of 
the congestion, which should be sought out and eliminated, 
the reddisti color of the discharge returns. 

In following such a case, it is well to have the wicks 
removed from the ear preserved, at three-hour intervals, 
placed upon a piece of paper separately, and with a mark 
on the paper indicating the time at which each wick was 
removed, the whole being covered with a moist cloth and 
preser\'cd for jnspcetion of the surgeon. 

Should the discharge become thickened, by the entrance 
of mucous elements, or in the event of purulency, the 
wicking should be abandoned in favor of syringing, and 
the canal stopped lightly with a dossil of cotton. 

If the fluid to be released from the middle ear is thick 
and tenacious, a larger incision in the drumhead is re- 
(jiiired than when it is thin and flows freely, and evacua- 
tion may be assisted by autoinflation of the middle ear, 
by Politzerization, Oie use of the catheter, or by means 
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of the pneumatic si)ecu]xira and suction. When the secre- 
tion is so thick that only a small beadlike portion extrudes, 
as is not uncoranionly the ease with prolonged closure of 
the tjmpanopharyngeal tube and partial rarefaction of air 
in the tympanum, the so-called hydrops ex vacuo, this ma 
be touched with a weak solution of argentic nitrate on a 
cotton-tipiwl probe, the resulting coagulora affording a 
hold to the forceps, by means of which the tenacious ma; 
tiiay be withdrawn. 

Itcgarding the sound-transmitting mechanism of the 
middle ear as an acoustic balance, its two outennost ten- 
sion factors are the resistant membrana vibrans and the 
persistent traction of the tensor tympani muscle, the one a 
passive and the other an active element. Weakening of 
the passive resistance of the membrana vibrans, whether 
by a stretching of that membrane or from a solution of 
its continuity, is to be avoided as far and remedied as 
much as possible. Incisions in the dnimhead, for the pur- 
pose of liberating fluid contents of the tympanum, should 
be made, preferably, posterior to the line of greatest ten- 
sion resistance to the inward pull of the tensor tympani 
muscles, a line of mechanical consideration, marked by no 
special structure, but sufficiently indieable, for surgical 
purposes, as a continuation of the line of the long axis 
of Uie long process of the malleus, really slightly anterior 
to this, and the area in which the progressive growth of 
the deniioid coat of Uie membrana vibrans parts, ante- 
riorly and posteriorly. A paracentesis of the drumhead, 
made parallel to the perijiherj' and from two to three 
niilHmetei-s witliin it, affords sufficient drainage from the 
tjTupanum, and weakens the membrana vibrans less than 
a similar incision made anteriorly. 
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EXPLORATORY Ti'MPANOTOMY 

The obstructive changes occurring in the middle ear 
in the course of, or subsequent to, a nonsuppurative dis- 
ease are so varied in location and extent as to make tbe 
question of the success of operation for betterment of 
hearing, relief from circulatory tinnitus, or from virtigi- 
nous symptoms, an uncertain one, witbout better prelimi- 
nary knowledge than is ino]ieratively obtainable. Hear- 
ing tests, covering a wide range of tones, serve in some 
measure to determine the location of obstructions (see A]> 
pendix, note 7), and an incision of tbe drumhead, for the 
purpose of altering its tension or of peraiitting sound waves 
to pass through it, is available as a means of determining 
the mobility of tbe i)art8 of tbe ossicular chain beyond the 
malleus. Attempts to maintain a i)eiTnanent opening in 
tlie drumhead, when its exploratorj' puncture has effected 
an imijrovement in bearing, have, however, been unifonnly 
unsuccessful, on account of the vigorous reparative power 
of the membrane. In default of success in sufficient mo- 
bilization of the sound-transmitting ap))aratu8 by other 
means, exploratory invasion of the tympanum, to a greater 
extent than that coraprised in a simple puncture of tbe 
drumhead, becomes a matter for consideration. 

Operative mobilization of tbe ossicles may l]e effected 
by making a triangular cut in the posterior superior seg- 
ment of the drumhead, opposite the descending process 
of tbe incus and tlie stapes, and tbe introduction of a small 
blunt hook. The objections to this method of ojierating 
are the smallness of the field exposed and the consequent 
difficulty of manipulation. Tbe location of tbe opening, 
in the center of an important segment of tbe raerabrana 
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of tbe denuoid coat of the membrana vibrans, it was found 
that tlie nioveinent outward from the ceuter of the mem- 
brane, at the tij) of the malleus, toward the posterior and 
sujierior i>eriphery, was slowest in the inferior third of 
the segment, more rapid in the middle third, and most 
rapid in the upjier third, and that the rate of movement, 
as shown by sniall pieces of ]>aper pasted upon the mem- 
brane, bore a iirojiortionate relation to the oorresponding 
degree of vascularity of the three sections mentioned. 
Tactile examination shows tliat the sensitivene'ss of the 
sections of the posterior segment of the membrana tyni- 
jiani have the same relative correspondence, and that an 
incision, therefore, begun opposite the round window, 
causes iofreasing pain as it is exteudetl upward and for- 
ward along the periphery. 

A part of this progressive increase in pain can, of 
course, be accounted for psychologically, but it is evident 
that tlie edges of a small and comparatively painless cut, 
by aflfordiug access to the nmcous membrane fonning the 
inner coat of the membrana tympani, can be availed of 
for purposes of local ana?sthetization, and tliat the cut can 
be successfully continued, under the same influence, with 
comparatively little discomfort. Tactile investigation as 
to the comparative sensitiveness of different portions of 
the tympanic cavity also show its lining membrane and 
intrinsic structures, with exception of the superior and 
posterior portions, fornic tympani, and aditus ad antrum 
mastoideum, to be comparatively insensitive, especially 
in the line of the sound-transmitting apparatus of the 
middle ear. 

Ojierations within the middle ear, therefore, except 
such as include interference with the membrana vibrans 
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and invasion of the upper portion of ttie tympanic cavity, 
may, in the great majority of nonsupi)urative cases, with 
proper care, he conducted not only without general but 
also without local ana?sthesia ; and in the cases of chronic 
nonsuppurative disease of the middle ear with intact 
menibrana tympani, to which this operation of explora- 
tory tyuiiianotomy is apijlicable, when the sensitive meni- 
brana tympani has once been passed, there is o}")ened to 
the observer an aseptic and comparatively insensitive 
cavity. 

The successive stages of the exploratory tympanotomy 
are: First, tlie crescentic incision, beginning in the pos- 
terior segment, and carried upward and foi-ward through 
the thin and comparatively insensitive portion of the 
drumhead between the annul us cartilaginous, the massed 
bundle of fibers of the circular fibrous coat of the mem- 
brana vibrans, and the periphery, then downward along 
the posterior border of tlie handle of the malleus. (Fig, 
22,) This cut may sometimes be completed without with- 

Fto. 22. — Line of incision for explora- Fia. 23 — Flop tuniptl outward, exposing 
tory tympariutoroy. tlio i^tapea and inner tympanic wall. 

drawing the knife, but usually it is necessaiy to sus]>end it 
when the upjier portion of the drumhead is reached, cither 
for the purpose of making an ana;sthetic application or to 
allow the patient a moment's rest. Almost immediately 
upon the completion of the incision the flap thus formed 
curves downward and outward, revealing the descending 
process of the incus, and sometimes the posterior cms of 
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the stajaes, the st{i]»edius tendon, and the corresponding 
portion of the inner tympanic wall. (Fig. 23.) Bleed- 
ing from the cut edges is taken up by the cotton stick 
and the wound allowed to glaze. During this period of 
waiting the prescribed hearing tests should be made and 
recorded. 

Second, a small blunt hook, previously dipped in 
alcoholic boric-acid solution, is passed tli rough the open- 
ing, care being taken to avoid the cut edges and inner 
surface of the flap, and tlie mobility of the malleus tested 
by a series of gentle (lulls, the same process being re]>eated 
by passing the hook behind the descending process of the 
incus and under the bead of the stapes, the various de- 
grees of fixation or of mobility being determined by this 
means. 

Third, if it is decided to close the opening in the 
drumhead without further manipulation io the middle 
ear, or at the conclusion of such manipulations as may 
include division of adhesions or obstructive stria* crossing 
the tympanum, or binding the stapes to the walls of the 
fenestral niche, there is cut from a small piece of thin, 
highly glazed paper, by means of cur\'ed scissors, a disk 
large enough to cover the flap formed in the drumhead 
and to extend upward over its periphery on to the inner 
end of the external canal. This disk, dipped in sterile 
water or nonnal salt solution to moisten its sizing, is then 
taken upon the end of a wet, cotton-tipped probe and its 
lower half brought into contact with the outer surface of 
the flap in the drumhead, and held in position for a few 
seconds until it adheres, when the ]>aper, carr5ing the flap 
with it into position, should be similarly attached to the 
skin above the incision, thus bringing the edges of the 
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crescent cut into a position and holding them firmly in 
place. The patient should be directed not to practice auto- 
inflation; the ear should be lightly stopped with sterile 
cotton, and this dressing allowed to remain in place until 
the healing of the drumhead, whicli usually occurs within 
three days. 

In the second stage of this operation there may be in- 
cluded almost any form of interference in the line of 
sound-transmitting apparatus of the middle ear other than 
evulsion of the two larger ossicles. It is even jrossihle to 
disarticulate the incus and stajies, cut the tendon of the 
stapedius and extract the stapes, and the incus also, 
through such an opening as that described. 

STAPEDECTOMY 

The operation of stapedectomy, while very simple in 
itself, is open to question as to its advisability, because 
of the varied consequences which may follow invasion of 
the cavitj' of the internal ear, and because of its doubtful 
value for the purpose for which it is usually demanded, 
amelioration of an extreme degree of deafness. Recent 
clinical experience in the relief afforded in cases of severe 
and incapacitating vertigo, by removal of the stajies, war- 
rants a consideration of this operation. It should be 
bonie in mind, however, that the fixation which causes 
extreme symptoms, either of deafness or vertigo, is not 
infretjuently only secondarj' to a liyperostotic process in 
the labyrinthine capsule, which removal of the stapes can- 
not relieve; that, under these conditions of fixation, the 
crura not unusually break in the attempted extraction, and 
that there then remains only the alternative of drilling or 
of breaking up the base plate. 
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In twenty-one oonsecutive cases of attempted removal 
of the stapes, in chronic nonsuppurative disease of the 
middle ear, with a view to the improvement of hearing, 
the stapes was removed entire in nine cases only; there 
was fracture of both crura in ten oases; and in two cases 
the bone was found to be so absolutely immovable as to 
make it possible to rotate the head of the patient in a sit- 
ting position, by tractioii upon the blunt hook inserted 
between the crura. In six of the cases, which had not 
before been dizzy, vertigo, more or less severe, followed 
the operation, iu three cases persisting for more than a 
month, and in one for nearly a year; in but three out of 
the twenty-one cases was there other than temporary im- 
provement in hearing, and then only in a moderate degree. 

That the condition of the sound-transmitting appa- 
ratus of the middle ear plays an important part in the 
causation of vertigo, as well as in disturbances of bearing, 
is liable to be overlooked in the consideration of the other 
reflex factors in any given case; but a study of the vague, 
recurrent vertigoes as they come under the care of the 
neurologist gives increasing evidence that some form of 
fixation of the sound-transmitting apparatus of the middle 
ear constitutes the constant factor, and some suspension 
of vasomotor inhibition the variable factor in many of 
them.' 

Gfiven a fixation of the stapes, either individually or 
through the members of the ossicular chain, a portion of 
the compensating elastic provision against inter labyrin- 
thine pressure, from a sus|>ense of vasomotor inhibition, 
is lost, this loss varjnng in its extent with the degree of 
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stapes fixation from that pertaining in the simple, gen- 
eral immobilization, to that attending supreme fixation, by 
bony anchylosis, of the stapes itself. 

In attempting extraction of the staiies, care should be 
taken to divide all adliesions between its crnra and the 
environing niche walls, as well as the tendon of the sta- 
I»ediu8 muscle; the incisions around the niche walls should 
be carried to the depth of that depression, after division 
of the stapedius tendon; to determine any possible degree 
of mobUitj' which may remain, hearing tests, if the opera- 
tion is performed without general narcosis, being also 
instituted as an aid to determining the advisability of 
removing the hone. Simple mobilization of the stapes, 
previously detached from the incus, being made the pre- 
liminary in the cases in which sta]iedectomy is found to 
be unnecessary, to the reflexion of a drumhead flap upon 
the stapes, or to removal of the drumhead and the two 
major ossicles, with a view to utilizing the mobility of the 
stapes by insertion of some form of artificial drumhead. 

MALLEO-INCUDBCTOMY 

In cases of high grades of deafness where there is a 
possibility of utilizing the stapes, the major ossicles being 
firmly bound by bony anchylosis, their removal, togetlier 
with the whole or part of the drumhead, may be effected 
by making a circular incision, close to the })eriphery, by 
means of a narrow-bladed middle-ear bistoury or a para- 
centesis knife, dividing the anterior and posterior etrise 
of the short process of the malleus in hke manner, and 
the incudostapedial articulation and tendon of the tensor 
tympani by means of an angxilar knife; extracting the 
malleus and incus either together, by means of a wire 
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passed around tlieir long ])rocesBe8, or seiiarately, the mal- 
leus by means of tbe snare or fixation forceps, and the 
incus by means of an incus hook or curette. The tendon 
of tbe stapedius muscle can next be divided by means of 
a slender paracentesis knife, and the knife also passed 
about tbe staiws in the fenestral niche, to divide the ad- 
hesions which find their location there. If, instead of 
excising the drumhead, the anterior and posterior portions 
have been retained, by making the in- 
cisions releasing tbe malleus along the 
anterior and itosterior borders of its 
long process and then unitedly down to 
the periphery of the drumhead, these 
anterior and posterior portions, in size 
sufficient peripherally, may be carried 
forward to cover tbe tubal opening and 
backward for attachment to the stapes, 
the intact mucous membrane on the an- 
terior tjTOpanic wall having been pre- 
viously curetted, or dry-scrubtwd to the extent of bleed- 
ing. (Fig. 24.) The flaps should be kept in place by 
light tamponage with sterile absorbent cotton. 

SYNECHOTOMY 

After-results of suppurative middle-ear disease, thick- 
ening of mucous folds in the epitj'mpanum, the fonnation 
of adhesions limiting the movements of the ossicles, and 
cicatricial membranes growing inward from the edges of 
the perforation of the drumhead and interfering with 
sound transmission, need to be dealt with surgically, ac- 
cording to their destructive importance. The common 
locations of adhesions are between the long process of 
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the mallens and the inner tympanic wall, and around the 
stapes and into the fenestral niche; while the thickening 
of the mucous reduplications, normal in a large majority 
of middle ears and often filling the lower limit of the 
epitymjjanum, serves to keep the ossicles in the abnormal 
position into which they are drawn, by contraction of the 
tensor tympani muscle exerted when the counterbalancing 
tension of the drumhead is removed. 

The extension of a cicatrix from the posterior edge of 
a large perforation of the drumhead inward nijon the 
inner tymjianic wall will sometimes inclose the round win- 
dow in an individual space. Under this condition, absorp- 
tion of air in the inclosed space, or the exudation of fluid 
into it, will so far impair the movement of the round win- 
dow as still further to decrease the hearing; puncture or 
incision of the cicatrix being required for relief. 

In all tentative operations for improvement of hear- 
ing, by divisions of adhesions and mobilization of the 
ossicles, if the suppurative process has run its course and 
the ear has become dry, it should be remembered that 
there is a possibility of awakening acute trouble, and that, 
unless complete evulsion of the larger ossicles is intended, 
mobilization had best be gradually effected in successive 
stages, and preferably without general anaesthesia, in 
order that the effect upon the hearing may be progres- 
sively tested. 

In the event of a large perforation of the drumhead 
with the tip of the malleus adherent to the promontor\', 
and other adhesions obstructing the movement of other 
memlwrs of the ossicular chain, the first step should be 
the division of the adhesions at the tip of the malleus and 
gentle mobilization of that bone by means of a blunt hook. 
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If it is decided to suspend interference at this point, the 
middle ear should be carefully dried and lightly i>aeked 
with sterile absorbent cotton, a dossil of cotton lieing 
placed behind the malleus to prevent reeurrence of adhe- 
sions. At subsequent sittings other bands and adhesions 
may be divided, circumcision of the stajjes may be done, 
and tenotomy of either the tensor tjTiipani or stapedius 
muscle. It is occasionally possible, in cases of firai anchy- 
losis of the ossicles without fixation of the stapes, to utilize 
tlie ossicular chain as a colnmella by dividing the tendons 
of both the stapedius and tensor muscles and inserting an 
artificial drumhead. 

In all cutting of adhesions, especially those which are 
extensive and unite jjarts of the ossicular chain to imme- 
diately contiguous parts of the tjinpanic wall, the liability 
to union of the cut surfaces should be counteracted, either 
by the separation of these surfaces by packing with sterile 
absorbent cotton or gauze, or by the insertion Iwtween 
them of small pieces of paper, verj' thin rubber tissue, or 
thin plates of metal, folded gold or silver leaf answering 
the latter purpose. 

CLOSURE OF PERFORATIONS 

In suppurative middle-ear disease operation is usu- 
ally undertaken with a view to affording exit to morbid 
products, and access to diseased parts for purposes of 
removal or of curative ai>plication, the Ijetterment of the 
hearing, in the more serious cases, being a secondary 
consideration. 

A common result of suppurative middle-ear disease is 
a persistent opening in the drumhead, and if the middle 
ear has become drj' and the mobility of the ossicular 
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{•hain is nmipaiatively uii in i paired, closure of the ojien- 
ing Jiffects au improvenient in bearing. This is easily 
tested by covering the perforation with a disk of mois- 
tened pajier, and if the result is favorable, the paiier may 
be allowed to remain, to assist in the pennanent closure 
of the opening. 

The edge of an old perforation of the drumhead con- 
sists of a thin line of cicatricial tissue, or of a union of 
the outer, dermoid, and inner mucous coats, in the fonn 
of a transition membrane, both of which strut'tures are 
inimical to proliferative growth and must therefore be 
removed. This may be done by scrawling or cutting with 
a thiii-lila<l(Hl knife, the cut edges of tlie ]x>rforation being 
then wipt'd diy and a disk of thin sized ]»apei", floated and 
moistened in sterile water or normal salt solution, j:)icked 
up on a cotton-tipped probe and gently applied; immedi- 
ately upon contact with the dry, warm surface of the 
drumhead the pajwr leaves the wet cotton tip and adheres 
to the meinbnine, this adhesion being favored by manipu- 
lation and patting with a dry cotton-tipjied jirolie, which 
also absorbs tlie superfluous moisture, Autointiation of 
the ear for at least twenty- four hours after the application 
should be avoided. 

The stiff adherent pai>er not only pulls upon the rim 
of the perforation with every major vibration of the drum- 
head, causing an irritation which stimulates new growth, 
but also serves as a protection and a guide along which 
the nascent tissue may progress. This application has 
been found serviceable not only in dealing with smaller 
perforations, one dressing sometimes sufficing, but also in 
the building up of larger cicatrices, where a principal por- 
tion of the drumhead has been destroyed, and where it has 
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been necessan' to apply the paper to suecessive portions 
of tlie rim, and to occ'ujiy several months in the healing. 

In making pajier applieations to the druuihoad or 
within the middle ear, the pajier to be applied should be 
thin, ordinary note paper, but with sufficient sizing to 
afford an adhesive surface when moistened ; for this pur- 
pose the ordinary highly glazed foreign post paper is 
preferable, and, if white, it is more easily seen in the ear 
than if colored. It should be eut from the sheet with as 
little handling as possible, and shaped with a pair of 
curved manicure scissors to fit or cover the surface to 
which it is to be applied. After a moment's floating in 
sterile water it should be dipped beneatli the surface with 
a firmly cotton-tipped probe, lifted from the water by 
means of the probe, adjusted upon the tip of the probe by 
touching its edges only with the finger, and then intro- 
duced under good illumination. As the 'small disk of 
paper is really floated on the probe by a drop of water, 
contact with hairs or with the wall of the canal will easily 
displace it; it is necessaiT, tlierefore, to carefully cleanse 
the canal walls before attemftting to ap]>ly the paper, and 
to introduce it with a steady hand. If the cotton on the 
probe is finnly twisted to a length of one centimeter be- 
yond the end of the probe, it affords a malleable tip, 
which may he curved in the position for carrj'ing the 
paper which will best facilitate its introduction. 

When applied to cover a perforation or scar in the 
drumhead, the lines of growth of the dermoid coat should 
be bad in mind, the jiaper cut in an elliptical form, and 
applied witli its long axis corresponding with the line of 
movement; or, if overlays are to \ye used, they should also 
be applied in a reverse position to the line of movement. 



wffwm^ tmpwnwwj p^ni^v n imp r^vkt ■■ 

W^Htlttt ^MiiViMrtisiiov 4^ tons t^ittSfy it ivfvfllB. 

Tf«A f»/MC natHiy mfiflBaMe ruaulj for tids coadition 
U ««^fi«rtia!f «p|ifi(StiM of a dkk of paiMv ae placed 

UK Ut ht'f.U,'/'- ttpm tha vpper nmal walL If the itnith- 
iiiu l» I '■ or irrt-ffttlar in «°ontoDr, a» ta I^ble to be 

ltH< f'nm> wh'ti thf nirfU-hinff Sncltides the tbio ares outsid 
ttt Hh> thU'kt^r wnnn of th(r nrcalar fillers of the iDembrana 
l>roftrin, ihtm twt nuwfjtuive upplications of contractile 
i>ti\Uiil\im, (i|'|)li<'<l l»y iiifanH of a small brush made by 
IwlwliltR ('Mtl»tf( irfi tJic finl of jin niiral probe. 

Will' II lilt' nln*|c[i<'i| ))ftrti()ii Ishh Iwome firm, au effort 
IKM.V ln» 1 1 1(11 Ic li» roijhtcract the traction of the tensor tjm- 
I Mill iiiiiHi'lo liy uHiilenttc, prohinfjcd rarefaction of air in 
lliit «<»ili)|iiitl ninlilory cmial; liiiti ran be offet'ted by stoi> 
pi UK It"' nn'iiliiH tinlilly, prcfi-rnbly lief ore retiring at 
lilltlil, «inl Mil iilliTiiato niKlitH, with a foiiical phig of 



TREATMENT OF TENSION ANOMALIES 225 



absorbent cotton and simple cerate well nibbed together. 
The skin lining the canal is capable of absorbing sufficient 
air, from the space closed by the plug at one end and by 
the membrana tympani at the other, to create a partial 
vacuum, the resultant preponderating air pressure on the 
inner surface of the dmnhead, which should have been 
reenforced by an additional collodion application over its 
previously stretched ))ortioii before the series of pluggings 
is instituted, gradually counteracting the pull of the mus- 
cle. When successive collodion applications are made, 
care should be taken to keep the extent and frequency of 
tlie applications within the limit of exeiting localized in- 
flammation, and jjossihly ulceration of the tissues of the 
diumhead. 

In cases where the drumhead is firm, but undue con- 
traction of the tensor tympani muscle has resulted from 
prolonged preponderating air pressure on the outer sur- 
face of the drnmhead, incident to successive closures of 
the tjinpanopharyngeal tulw? and rarefaction of air in the 
tympanum, the aiiiilieation of the plugging process is a 
valuable precedent to other fonns of treatment which may 
be employed for the restoration of the nonnal mobility 
of the sound-transmitting apparatus, 

Anotlier means of counteracting the pull of the tensor 
tympani muscle, and for effecting mobilization of the 
malleoincudal articulation, is afforded by pressure upon 
the short process of the malleus by means of a (iressure 
probe, or else an aural probe tip]jed with a firm boss of 
cotton, the pressure being effected by a series of concus- 
sions, continued so long as may without discomfort and 
repeated at clinical intervals. A more protracted hut 
lesser degree of jn'essure may be exerted by the wearing 
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of a cone of paper, or a disk or strip of mbber so placed 
ID the canal as to exert pressnre apon the short process 
of the mallens. 

ARTinaAL DRUMHE.\D8 

The artificial dramhead has for its purpose either the 
tension of relaxed parts of the sound-transmitting appa- 
ratus of the middle ear, the apposition of loose connection, 
or the substitutive presentation of a surface for the re- 
ception of sound waves. One of the earliest forms of arti- 
ficifil drumheads was a moistened spiral of paper or a 
small haW of cotton, and despite the exercise of much 
ingenuity in tho fonstruction of various forms of artificial 
drumhcadB, and the apjtlication to that purpose of a great 
variety of substances, the paper and the cotton still remain 
the most utilizable for effecting the desired purijose. 

The jiaper, thin rubber, or woven tissue drumheads 
may l)e inserted either by means of an attached wire, or 
by means of a thread ;)assed through and knotted at the 
center of the drumhead and carried through a small glass 
tube which sei-ves as a handle for purposes of insertion 
merely, or the thread may be grasped with forceps and 
introduced in that manner. 

j\bH(jrbcnt cotton used for the purpose of an artificial 
drumhead has tlie advantage of adaptability to the case 
in hand, as it can be rolled into a small ball, to which a 
thread may be attached, twisted into globular shaiie with 
» projecting tail-like end, or, the tail-like end being elon- 
gated and di|)]X'd into collodion to make it firm and iisable 
aa a liaiidlc, the remaining portion of the cotton may Ije 
TUoiHtcned with water, flattened by pressure between the 
lingers into the form of a disk, dried, and then dipped 
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into melted vaseline for introduction. In all instances, the 
artificial drum needs to be moistened for use, tlie prefer- 
able fluid being one of sufficient density to equally fill the 
interstices of the cotton, and of a Bufficient fluidity to per- 
mit adjustment of the cotton drum to an irregular surface. 
Melted vaseline best aoswers this purpose. In the process 
of melting it is rendered sterile, but as it long retains 
heat, care should be takeu to allow the moistened cotton a 
suiBcient time to cool before introduction. 

In cases where there is a large perforation of the mera- 
brana tyinpani, or where tlie membrana tympani and the 
two major ossicles are wanting and the stapes is movable, 
the cotton-vaseline drum may be applied, filling the tym- 
panum and bearing upon the stapes, its ultimate position 
as pressed into place by the angular ear forceps being 
best determined by experimental tests for the hearing of 
the voice. Undue pressure on the stapes will tend to im- 
pair rather than to improve the hearing, and it is some- 
times necessary to bring an equal degree of pressure of 
tlie cotton-vaseline drum upon the stapes and upon the 
membrane of the round window to get the best effects. 

When the tympanum has become dermatized, a cotton- 
vaseline dram can be worn for several days together, and 
the same is true even in the case of a continued suppura- 
tive process ; but in no case should the artificial drumhead 
be allowed to interfere for too long a time with the cleans- 
ing of the middle-ear cavity. 

In cases of supreme fixation of the malleus, with com- 
parative mobility of the incus and stapes, the rapid repar- 
ative power of the drumhead may be availed of to attach 
it to the descending process of the incus, thus translating 
to the more mobile bone the vibrations of the still func- 
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tionating membrane. This procedure eonsists in making 
tbe triangular ofveniug in the posterior-superior segment 
of the drumhead, opposite the incus, in such position and 
of sucIj extent as to reveal tbe descending process in its 
lower portion ; the proximate surface of the process should 
he curetted, and the triangular flap brought into contact 
with it and so maintained, by the insertion of a light, 
conical, absorbent cotton plug, a superimposed dossil of 
cotton filling the inner end of the canal and serving to 
keep it in plaw. When done under aseptic precautions 
tbe healing is usually speedy and effectuaL 

OSSICULECTOMY IN SUPPURATIVE SnDDLE-EAR DISEASE 

In tlie event of a considerable necrosis of the two 
larger ossicles, or when their presence presents an obstruc- 
tive barrier to drainage from the ejiitjinpanum and bars 
access to diseased parts, their removal, is indicated. This 
operation should be done under general ana?stbesia, not 
only because it is painful, and may need to be considerably 
prolonged on account of the delay incident to obscuration 
of the small field by free bleeding from granulomata, but 
because a thorough examination and possible curetting of 
the t\-m]>anie walls is a part of its purpose. 

The instruments required are virtually tbe same as 
those used for the similar operation in nonsuppurative 
cases, and are, in addition to specula, blunt [irobes, cotton 
sticks, paracentesis needles, a slender curved bistoury, 
and a spatula-shaped knife for division of adhesions in 
tbe epitympanuni, an angular knife for division of incudo- 
stapedial articulation and for cutting the tendon of the 
isor tj7n]>ani muscle, a wire snare, or a pair of fixation 

tips for tbe extraction of the malleus, an incus hook. 
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or blunt angular curette for removal of the incus, and a 
small blunt hook for use about tlie stapes; there should 
also be a saturated solution of boric acid in alcohol, and 
a solution of extract of suprarenal capsules, the former 
for dijiping the instruments, and the latter for controlling 
the sometimes annoying bleeding. 

If the perforation is in the )iars flacpida, the drum- 
bead being intact, or if the jterforation of the drumhead 
is small and the middle-ear disease extensive, tbe entire 
removal of that membrane accom[»anying the evulsion of 
the malleus and incus may be advisable, or the posterior 
portion of the drumhead may be retained, to be carried 
inward and attached to the head of the staiws, while 
the anterior portion, released by incision at its inferior 
periphery, may be used as a flap to shut off from the 
middle ear the opening of the tympanopharyngeal tube. 

In this, as in most other middle-ear operations under 
general ana'stbesia, two assistants should be employed 
with advantage, one to etherize and to control the position 
of the head of the patient, who should he preferably in a 
sitting or seniiprone [)osition, the other to twist cotton 
sticks, cleanse and dry the instruments, and hand them to 
tile surgeon when he wishes to keep his operative field 
continuously in view. Before iising, and after each suc- 
cessive cleansing and drying, the blades of the instruments 
should be dipjwd in the alcoholic solution of boric acid, 
the sjieedy evaporation of the alcohol leaving the steel 
covered with a thin film of boric acid, which dulls the 
inetallie luster and makes the instruments more plainly 
visible in the canal. 

Partial or complete peripheral excision of the drum- 
head should be done with the paracentesis needle or 
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t'urvwi bistoury^ tin me m brane being, in addition, stripped 
ttxm\ thv handle of tb<* maileos for the sake of removing 
ail oluistriK'tian to bath sigbt and mauipulation, and of itmk- 
inn the iiialleu!« and the }>arts beyoini it more accessible. 
If the iueiis is tu place, and it is desired to remove it 
also, either previously to or simultaneously with the re- 
moval of the inalleits:, the next step should be the division 
of the iucudo«>ta{)ediul articulation, by means of the angu- 
lar knife rarriwl into the joint from Iwlow upward and 
euttiuK from U'liiiid forwanl against the pull of the sta- 
ptnlius inusele. The release of the im»us frtmi its attach- 
ment to the sti»i)es allows the descending process to swing 
outwartl and downward into view close to the long process 
of the malleus. If this movement fails to take place, it 
may Ih' lutled by nieans of the bhmt hook, or the incus may 
he lit oiUH> extrnetetl. By passing the angular knife be- 
hind the til) of the long process of the malleus, above the 
point of attachment of tlie tendon of the tensor tjTupani 
nmscle, and earning it downward in contact with the 
bone, the tendon is felt and divided, the complete cutting 
of the tendon lieing usually made ajiiiarent by the in- 
creased mobility of the malleus. The division of the 
anterior and [losterior strite of the short process, which 
next follows, leaves the malleus free from the attachments, 
and makes it possible to determine how finnly it is held 
in place hy other means, and, if resistant to a light pull of 
the forcejis, the curved spatula knife should be passed 
ujtward into the space above the short process and swept 
backward and forward to divide adhesions and thickene<l 
nmcous reduplications which sometimes fasten tlie heads 
of tlie larger ossicles firmly to the outer epitympanic 
walls. To extract the malleus and incus simultaneously, 
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or to remove them individually, the loop of the wire snare 
should be drawn tightly about the descending processes, 
as high up as possible, the movement of withdrawal being 
downward and slightly from side to side, or they may be 
seized by a fixation forceps and extracted, in the same 
manner, singly. If completely freed from attachment, 
they easily come away; and that these attachments sliould 
be thoroughly cut, especially above the short process of 
the malleus, is important, because it is an evil experience, 
in removing that bone, to peel away the soft tissues from 
the tympanum or from the superior wall of the inner end 
of the auditory canal. Throughout the operation, alcohol 
on a cotton-tipped probe, and the extract of suprarenal 
capsule similarly applied, can be used with good effect in 
stilling hemorrhage. 

In all middle-ear operations entailing hemorrhage, or 
distortion of the operative field by changes in position of 
movable parts, to have previously achieved a clear mental 
picture of the existent condition and of the various steps 
of the operation is eminently advisable. 

After removal of the ossicles, the tympanum and epi- 
tympanum should be swabbed with the alcoholic solution 
of boric acid and then thoroughly dry-scrubbed by means 
of a cotton-tipped probe. The further examination should 
include careful tactile survey of the tjTnpanic and epi- 
tjnipanic walls, and a determination of the condition and 
mobility of the stapes, necrotic spots should be curetted, 
adhesions in the fenestral niche divided, and if the stapes 
is otherwise free and can be utilized for sound transmis- 
sion, either by membranous attachment or by the use of 
an artificial drumhead, the tendon of the stapedius muscle 
should be divided. 
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At the conclusion of operation the middle ear slionld 
be wiped drj-^ and plugged with cotton, the canal walls 
then washed with sterile water by means of a cotton- 
tipiwd ])robe, and similarly scrubbed with alcohol, after 
which the cotton tampon in the tym])anuni should he re- 
moved and the canal filled with a sterile cotton wick ; this 
dressing should be removed within forty-eight hours, un- 
der similar aseptic precautions. 

When it has been iK)ssihle to save the anterior por- 
tion of the drumhead and utilize it for closure of the 
t>^npanal end of the tympanophaiyngeul tul>e, the middle 
ear should be packed with sections of sterile gauze tajKJ 
from one to two centimeters in length, pressure Ireing 
exerted upon the anterior flap to keep it in the position 
prepared for it, by curetting and dr>- -scrubbing the tym- 
l)anic raucous membrane. The subsetiuent treatment, with 
or without the anterior flap, should consist in rejietitions 
of the dry cleansing ami jmrking until dennatization of 
the mucosa of the tympanic avails has Ijeeu eiTected, or 
Uie tympanmn has been closed extenially by a cicatricial 
growth from the cut i>eri]ihery of tlie drumhead. 

Ti'SiPANIC CimETTAGE 

If the chronic suppirrative disease is in progress, and 
there are j»re8ent the redundant granulomatu which almost 
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invariably indicate the existence of areas of necrotic bone, 
such surfaces should be carefully sought for and curetted, 
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hy means of the ciip-sliaped niicUUe-ear or wire ring 
curette. Larger masses of granuloma, so-called polyiH, 
protruding into the eanal, should be removed by manipula- 
tion with the wire snare ; evulsion must be' avoided. 

The common seats of limited necrosis in the epitym- 
panum are the bead of 'the malleus, the body of the incus, 

and the outer epitympauic walls. . ^^ 

The thorough cleansing of the epi- 

tymj)anuin, necessary to the satisfac- ^ ■ 

tory treatment of all cases of epitym- 

panic disease and as an adjunct to .. „ 

' *' I' let, 2fi.~Midill[-™r nng 

surgical interference, is best eiTected cureiira, uiree aisea. 
by means of the middle-ear syringe " 
and the use of hydrogen dioxide ; but as this remedy is, 
when used undiluted, distinctly irritating to the skin of 
some individuals, it is well to smear the canal walls lightly 
with vaseline. Limited curetting may be effectually done 
upon any accessible portion of the tympanit; wall or ossi- 
cles, but should be carefully restricted to the diseased area. 

REMOVAL OF EPITYMPANIC WALL 

In the event of prolonged flow of pus from the supe- 
rior-posterior portion of the tymjianum which does not 
yield to careful curetting, lavage with hydrogen dioxide 
and astringent solutions and jiowder insufflations, larger 
access to the sujtpurative area than that already alTorded 
by removal of the ossicles is desirable ; this may be secured 
by removal of the posterior portion of the outer epitym- 
lianie wall, either through the canal or post-aurally. 

The operation for removal of the posterior portion of 
the outer ejiitympanic wall through the external auditory 
canal is necessarily limited to those cases in which the 
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mod ibome in vlndl 



With tfae paticat is a litliiiB or 
fiiO MwwiB, after ptvps 
of die tyamanh! walla, an inekioii flironi;ti the «oft 
aoea of Ae eaoal, down to the bone, daivld Iw 
kagtlnrise of the canal on its posterkv-fisfierior wall to 
the limit of the upward carve of the outer epitympanic 
wall, tlie rcsnltaztt double flaps shoald be peded outward. 
by muam of a middle-ear curette, bleedii^ AeAed, axtd 
tbe mli^aceiit bone removed dtber hy diiaelhis inward, 
with the long, aleoder canal googe. or by working from 
within oatward with a stoat middle-ear curette or a ron- 
geor; the fomiation and rejection of skin flaps 'is not a 
metma ry part of tliis )>rocedtire, as both the slender 
and fbe rongenr may be tised directly throngh the sofT 
tiaaneti apon the bone. 

The introduction of a protector, goch as that used in 
the poetanral ojioration for gafegnarding the stapes, usu- 
ally lias to be dispensed with on acconnt of the limited 
rhaiintfl, a Mjieculuiii in the hands of an assistant, through 
whidi the o]ierat)on has to )>e done; bat in using the eanal 
gongc, a Bufficient protection is afforded by a jireliminary 
|*a<'kin){ of tlie iK)6terior eiiitytnpanie and adital space 
with tightly rolled pledgets of sterile cotton. 



TYMPANO-AXTIL^L EXENTERATION 

The pcmtauricular ofieration, consisting in an incision 
hack of and cloae to tlie concha, a reflexion of the auricle 
and i)OHterior-Baperior portion of tlie membranous canal 
and irt?rioHteuni forward, and an oblique incision at the 
[inner end of the canal, han the advantage of being appli- 
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cable in all cases and of affording a comparatively unob- 
structed field. After the preliminary incision and sepa- 
ration of the membranous canal and periosteum from the 
posterior-superior bony canal walls, the auricle witli its 
connected soft tissues should be drawn and held forward 
by means of a long, narrow-bladed, angular retractor, 
thus revealing such portions of the membrana tjinpani 
and members of the ossicular chain as may he in place. 
If the anterior portion of the membrana vibrans is intact, 
it may be preserved for use as an anterior flap, the mal- 
leus being dissected out and extracted ; if Uie head of the 
malleus and its articular connection with tlie incus is in- 
tact, the incudostapedial joint and the tendon of the 
stapedius muscle should be divided before extraction of 
the malleus, otherwise this may be deferred until the 
extraction of the incus following the opening of the epi- 
tympanum. 

Preliminary to the removal of the outer epitympanic 
walls, a jirotcetor in the fonn of a narrow strip of cop- 
I>er, silver, or white metal, and bent nearly at a right 
angle at a distance of from three to five millimeters from 
its inner end, should be introduced through the canal, and 
carried into the epitymiianum in such direction as to 
cover tlie stapes and inner adital wall, and should be held 
in position by an assistiint. Another means for protec- 
tion of the stapes and facial canal is the firm packing of 
the j>osterior i»ortion of the t>iniianum, and of the aditus, 
with cotton pledgets. The external epitympanic wall 
should now be chiseled away, or removed by a rongeur, 
up to the level of the tegmen tympani, the removal being 
further extended backward into the antrum until the re- 
maining portion of the posterior bony canal wall coincides 
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lumen of the canal is sufficient, and those in which there 
is no accompanying mastoid disease. 

With the patient in a sitting or semiprone position, 
under full narcosis, after proper preliminary cleansing 
of the tympanic walls, an incision through the soft tis- 
sues of the canal, down to the bone, should be made 
lengthwise of the canal on its posterior-superior wall to 
the limit of the upward curve of the outer epitympanic 
wall, the resultant double flaps should be peeled outward 
by means of a middle-ear curette, bleeding cheeked, and 
the subjacent bone removed either by chiseliag inward, 
with the long, slender canal gouge, or by working from 
within outward with a stout middle-ear curette or a ron- 
geur; the formation and reflection of akin flai>s is not a 
necessary part of this procedure, as both the slender chisel 
and the rongeur may be used directly through the soft 
tissues upon the bone. 

The introduction of a protector, such as that used in 
the postaural ojieration for safeguarding the stapes, usu- 
ally has to be disiiensed with on account of tlie limited 
channel, a speculum in the hands of an assistant, through 
which the ojieration has to be done; but in using the canal 
gouge, a sufficient protection is afforded by a preliminary 
packing of the posterior epitympanic and adital space 
with tightly rolled pledgets of sterile cotton. 

TYMPANO-ANTRAL E.XENTERATION 

The postauricular operation, consisting in an incisioD 
back of and close to the concha, a reflexion of the auricle 
and posterior-superior portion of the membranous canal 
and periosteum fonvard, and an oblique incision 
inner end of the canal, has the advantage of be 
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with the corresponding inferior wall of the aditus and tlie 
epihuipanuui, and the antrum and inner end of the ex- 
ternal auditory canal are comprised in one cavity. The 
incus, together with all bone chips, should he removed, 
granulomata should he curetted, and tiie whole surface of 
the cavity dry-scrubbed as a isreliniinary to a careful 
examination of the tympanic, epityui panic, and antral 
walls. Areas which have been the seat of redundant graati- 
lomata, and spots of carious bone should be especially 
searched for and curetted, surfaces which have been the 
seat of cholesteatomatous accumulations should he bared, 
and the curetting carried through the presenting bony 
cortical walls into the diplol' beneath, and the whole cav- 
ity surface again dry-scrubbed. 

In the plastic portion of the operation (which has for 
its purpose dermatization of the mucosa of the resultant 
cavity walls), the longitudinal incision or Incisions of the 
membranous canal, for the purpose of forming skin fla|is, 
and the extent of their continuance outward into the car- 
tilaginous portion of the canal, should be governed by the 
extent of the removal of the hony outer epitympanic and 
posterior canal walls, the end to he attained by the flaps 
being the creation of a dermal conjoined canal, antral and 
tympanic cavity. Where the external auditory canal is 
nonnally large, a single longitudinal incision posterior 
superiorly will usually suffice, 

The incisions of the membranous portions of the canal 
for flap making should be made either witli the narrow- 
bladed knife, through the lumen of the canal, cutting from 
within outward upon the retractor in the postaural open- 
ing, or by means of narrow-bladed straight scissors punc- 
turing the membranous canal from behind and cutting 
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inward, upon a broad-gi'ooved dj rector or a flat metal 
strip iutroduoed into the eanal. 

With the extension of the longitudinal incisions out- 
ward toward the concha, the cartilage should be dissected 
out from the posterior surface of tlie flap, or pared away 
by means of aeissora, preliminary to closure of the post- 
aural wound, during which the tlap or flaps should be 
}iressed into and held in place upward aud backward, and 
ultimately kept in position by packing with small, counted 
squares of gauze tape. 

The after-dressings, at interv'als of two or three days, 
should consist in removal aud replacement of the gauze 
dressing, with such further dry-scrubbing, curetting, and 
touching with alcohol and argentic nitrate solution as any 
newly formed exuberant granulomata may require, and, 
if dermatization demands it, additional skin graft. 

The advantage pertaining to the use of a divided 
packing in the tympanoantral and mastoidotympanal ex- 
enteration is the possilnlity of more exact coaittation of 
the dressing to an irregular surface, aud the exercise of 
])ressure in vaiying degrees, either for the retention of 
flajts or for the enhancement of demiatization ; moderate 
flattening pressure upon minute healthy granulomata abut- 
ting upon a dermoid flap or skin graft tending to favor- 
ably affect the extension of the dermatization. 

The use of the siirrple sterilized, or of the iodofonued, 
stjuares of gauze tape is a matter of the individual choice 
of the surgeon, some surgeons having abandoned the use 
of iodoformed dressings altogether, and others finding, 
aside from antiseptic properties, value in a stimulating 
effect on granulating tissue. 



The operation of opening the mastoid cavity for tbe 
purpose of evacuating its morbific contents, and remov- 
ing also such portions of its cortical wall as may be dis- 
eased, is, in the majority of the eases to wliicli it is 
applicable, a simple surgical procedure. It becomes com- 
plicated when tbe anatomical conditions are unusual, or 
when the diseased conditions are such as to require, in 
addition, removal of the bony posterior-superior canal wall 
and the outer epitympanic bony wall— mastoidotympanal 
exenteration — or extension of the operative field beyond 
tbe mastoid limits, cither downward into the neck, upward 
into the middle cerebral fossa, inward and backward into 
the sinus and cerebellar fossa, backTvard superficially from 
tlie suiwrior portion of the mastoid cavity, to include pro- 
longation of pneumatic cells into the squamous portion 
of the temporal bone, or forward superficially into the 
root of the zygomatic process. 

A study of the structure of tbe mastoid portion of the 
temporal bone, as well as of its relationship to tbe middle 
ear and to other important cavities in its neighborhood, 
explains the fact that they readily become a channel for 
the transmission of morbid processes originating in the 
middle ear, to those more deeply seated and important 
parts, invasion of which is liable to l^ad to serious and 

238 



MASTOID OPERATIONS 



239 



possibly to fatal consequences. Considered as a whole, 
and aside from the fact that it is virtually a prolongation 
of the cavity of the middle ear, and that the lining mem- 
brane of its pneumatic cells is continuous with the lining 
membrane of that cavity, and so affords an area of vas- 
cular tissue subject to congestion and inflammation mani- 
foldly greater than that afforded by the middle ear alone, 
the internal structure of the mastoid itself, in regard to 
its subdivisions, is such as to render possible considerable 
differences in the sjTnptoms characterizing an inQanuua- 
tion within its walls. 

The great variations in the contour and in the thick- 
ness of the cortical wall of the mastoid, coupled with 
uncertainty as to the changes effected by disease and the 
necessity in that respect of subjecting the inner cortical 
wall to careful examination, emphasizes the importance, 
in any mastoid operation, of making a large ojjening 
through the outer mastoid cortex. 

The diseases of the mastoid which are the most fre- 
quent, and also the most important from a surgical point 
of view, are the acute congestions and inflammations sec- 
ondary to similar processes in the middle ear. 

A careful study of the few cases of reported primary 
mastoid inflannnation on record suggests, in the light of 
more recent experience in this field of clinical investiga- 
tion, the suspicion that there had been jirevious middle- 
ear inflannnation as the inceptor of a chronic quiescent 
mastoid disease, which was later awakened to acute mani- 
festations, while in others the implication of the mastoid 
cells possibly followed a sujierficial periostitis on the outer 
mastoid surface, with pus fonnation, denudation of bone, 
and subsequent spontaneous perforation inward. 
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In the cases, comparatively rare, of invasion of the 
mastoid cavity from the external auditory canal, follow- 
ing and consequent upon an otitis externa diffusa or an 
otitis externa ciremnscripta of the yjosterior wall of the 
hony canal, the progress of events is a superficial, circum- 
scrihed jvenostitis, with death of tlic underlying cortical 
bone and of the contiguous cell walls, the limitation of the 
process being accompanied by a circumjacent engorgement 
and swelling of tlie lining membrane, similar to that oc- 
curring on a larger scale in the mastoid antrum in the 
event of extension of inflammation from the iniddlt> ear. 
This swelling, which plays a jiart in the isolation of the 
inflamed region, sen'es also to favor the subse(|uent sepa- 
ration of the resultant sequestrum, and in this class of 
cases of circumscribed mastoid disease the removal of a 
mass of separated bone from the posterior wall of the 
canal, either by spontaneous extrusion or by surgical pro- 
cedure, reveals a limited cavity, which rapidly fills in with 
granulation tissue. The sequestrum is usually charac- 
teristic in exhibiting a smooth wall on one side and 
cancellated bony tissue on the otiier. The common 
starting point of this inflammation, and the part usually 
included in the sequestrum, therefore, is that portion 
of the posterior wall of the external auditoiy canal at 
or near the outer limit of the osseous canal proper, 
the sequestrum consisting of a small portion of the 
fiuperfcial cortex with attached portions of the under- 
lying cell walls. 

MASTOIDECTOMY 

The operative opening of the mastoid process, though 
it has to deal with the liberation of pus and the removal 
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of the oontents of a septic cavity, should be done under 
aseptic conditions. 

If possible, twelve hours or more before operation, the 
supra- and postaural regions should be shaved, carefully 
serubhed with soap and water, washed with clear water, 
rubbed with alcohol, and covered with a sterile dressing, 
which should remain in position until the time of opera- 
tion. The oar itself should Iw carefully syringed, or 
otherwise cleansed, and stoijped with a ]iledget of cotton 
or sterile gauze, and this procedure should be repeated 
imraediatelj' before the operation. 

After etherization, which should be carried to full 
narcosis, the ear should be examined, and if the o]>ening 
in the niembrnna tymi)aiii is small and insufficient for 
drainage it should be enlarged, or else a eresc«ntic periph- 
eral cut, similar to that for e.xploratory tympanotomy, 
should be made, and granulation tissue or polypi should 
be removed. 

In cases of long-continued su]tpurative middle-ear dis- 
ease the yireliminary operation in the middle ear may of 
necessity iuclude removal of carious ossicles, and such 
other manipulations as are required to insure surgical 
cleanliness, and cultures may advisably be made from 
the fluid in the middle ear as well as from the mastoid 
contents.' 

' To determine the character and eourfle of infection, niltures earefully 
rmdv in a aeries of mastoid operations j^ve the following percentages: 

Streptococcus was found pure in thirty-four per eent; Btaphylococcus. i« 
thirteen per cent; diplocoeciis, in seventeen per cent; st rpptocoerus and dip- 
loeoccuHwere found in seventeen iw-rmit; streptocorcita and Bacillus fa?tridua, 
in nine perecut; streptococcus und Haeillus pyocyaneus, in two per cent; strep- 
tociHTUs, Btaphylocofcua, anil diplococcUH, in five p«>r cent. 

A.H II rule, the same germ olitained by fiaracentesis of the drumheud in the 
early stages of tlie infection of the middle ear was found later in the mastoid. 
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The operation in the middle ear having been com- 
pleted, the canal should be jilugged with a strip of sterile 
gauze, the sterile dressing above and behind the ear 
should be removed, and the hair covered by a rubber cap 
or a sterile towel tightly pinned. 

A sheet of rubber tissue should be ajiread over the 
shoulders of the patient, fastened about the neck, and 
covered with a sterile towel ; sterile towels should also be 
spread over any surfaces with which the instruments and 
hands of the surgeon and his assistants may possibly 
come in contact; or a sterile sheet, with an opening in it 
large enough to expose the field of operation, may be ex- 
tended over the bead of the patient, sufficiently far for- 
ward, supported by a light framework attached to the 
operating table, to inclose the etherizer and the face of 
the patient from the oi>erative field. The patient should 
be in a recumbent position, and so placed upon the oper- 
ating table as to make the mastoid region easy of access 
under good general illumination, provision for special 
illumination of the interior of the mastoid being pro- 
vided by means of a reflecting mirror or the electric 
photophore. 

The instruments commonly required for the simple 
mastoid operation should be boiled in soda solution, and 
ranged in order upon a table previously covered with a 
sterile towel, and should include one or more scalpels, 
retractors, either hand or self-retaining, a periosteum 
scraper, a mallet, a small rectangular probe, grooved 

In one rase cultures {rom parsc^nt^ia ga\e atAphylocotxua and diploooci-us, 
while from the majitoid, at the time of operation, spveral days lat*r, a pure 
culture of diplococcua was obtainwJ; thus ahowing that the germ in the mid- 
dle car waa, to eommenrc with, dipioeoccus, which affected the ranatoid, the 
middle ear later on lietoming infected with atreptococcua aiao. 
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directors, chisels, gouges, and curettes, according to the 
preference of tlie oiierator, oue or more malleable probes, 
scissors, straight forceps for handling sponges and dress- 
ings, and nippers for controlling hemorrhage from the 
flap. 

The sponges should he pads or squares of sterilized 
gauzo, and, for use withiu the mastoid cavity, should 
preferably )ye from one to two centimeters in length, one 
centimeter or less in width, and so folded as to afford a 
thick body and thin edges. Sponges of Griswoldville 
gauze of these dimensions, folded with all edges inside, 
should be used entire without unfolding, and are much 
better, both because of their absorptive properties and 
for convenience in handling, than larger siionges made of 
.ordinarj' gauze. 

The preliminary incision through the soft tissues 
should be, preferably, curvilinear, extending from a point 
above the sujierior border of the concha to or below the 
tip of the mastoid. (Plate G.) In case of extension of 
pus from the mastoid process through the digastrip fossa 
or mastoid tij) downward into the tissues of the neck, the 
cut should be extended in a corresponding direction; 
while in the event of pneumatic cells prolonging the 
mastoid cavity backward, or into the base of the zygoma 
forward, it may Ix? suiiplemented by incisions in these 
directions. 

In the majority of cases it is best to enter with the 
knife vertically at the upper end of the incision, carrying 
it downward to the bone, and so continuing throughout 
the whole length of the cut, deviations from this rule, both 
as to direction and manner of cutting, lM?ing made in cases 
of subperiosteal ])ostaural ab.scess, where it is necessary 
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to include the abscess cavity in the primal or in a diver- 
gent incision. 

Where the periosteum is not divided thoroughly at the 
first cut, the incision should be repeated until this has 
been effected, and the periosteum should then be retracted. 

The bleeding from the soft tissues varies very mudi 
in individual cases, but is easily controlled by the use of 
nipjjers, which may be left attached during the remainder 



Flo. 27, — Hummond retractor. | siie. 

of the operation, if necessary, by the use of broad-bladed 
retractors (Fig. 27), and, in the cases of prolonged seepage 
from oedematous tissues, by sponging with hot water. 

The edges of the wouBd being spread apart by means 
of retractors and the bone sponged dry, careful inspec- 
tion should be made to determine the position of the ex- 
ternal auditory canal, the nieatal spine, and the contour 
of the nmstoid surface, and also to detect any points of 
congested or diseased bone in the cortex. (Plate H.) The 
operative field should be again dry-scrubbed with sterile 
gauze sponges, and seejiage of blood u]ion it having been 
controlled, the opening of the mastoid cavity may be en- 
tered upon. 

The first opening in the cortex may be made either 
with the gouge or the chisel, and should in all cases be 
large enough to admit of free access to the mastoid cavity, 
preferably including the major ]iart of the outer ma.sitoid 
cortex, to the extent of pennitting free visual as well as 
tactile examination of all of the remaining cortical walls, 
and free access to the antrum and to the mastoid tip. 
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Access to the mastoid cavitj' tlirougli a large external 
opening having been secured, tlie next step, evacuation of 
its contents, is to be effected by means of smaller gouges 
or chisels (Fig. 28), or by the use of curettes — the chisela 



for hard and dense bone, the curettes for softer or more 
disintegrated bone, and for removal of granulomafa and 
bone detritus. The shan) si>oona can be used not only in 
rotation, but for extraction as well, and being provided 
with an elongated, round-baeked bowl and a projecting tip, 
are efficient instruments for working from within outward. 



With a long-baiidled .spoon {Figs. and HO) of this 
shape it is possible to clear the umstoid cavity and mas- 
toid antrum completely of all 



granulation tissue and bony 
detritus, without the dangers 
incident to the rotary use of a 
circular spoon, or the incisive 




eflfect, from without inward, ao.-Uowb ot mastoid spoons. 

' Full Bi»e. 

of the chisel and gouge. With 

such a spoon also it is ijossible, when necessary, to remove 
the diseased inner cortical wall, to push the dura back 
with the rounded bowl of the spoon, and, working from 
within outward, with the sharp tip to remove the thinner 
bone with facility, and even, in cases of hemorrhage from 




Flcl, 28. — Mastoid chisel. } size. 
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the sinus, to so rapidly enlarge tlie cortical oiiening as to 
allow the pressure of the brain itself, flattening the vessel 
against the bony edge of the opening, to effectively stop 
the hemorrhage, and allow the operation of evacuation of 
the mastoid to continue uninterrui)ted by the necessity 
for |>lugging. 

Biiiianually used, the long-handled, long-bowled spoon 
is an exploratory as well as an operating instrament. The 
spoons, or curettes, are unfencst rated, and made with a 
stout shank and sharp cutting edge to the bowl, which is, 
moreover, extended in a curved Up, permitting the pas- 
sage of the spoon behind spicula; or thin pieces of bone 
or sequestrfc, and effecting their removal by its with- 
drawal. In the event, also, of an oiiening in the inner 
mastoid wall, a sharp spoon with its rounded bowl and 
projecting tip becomes a valuable instrument, since it may 
be used to work from within outward with the least dan- 
ger to important soft tissues; the handle of the spoon 
may advantageously be gouged, or otherwise marked, by 
some smooth variation of its surface on the side toward 
the cutting edge of the bowl, the hand of the operator 
being thus constantly apprised of the direction of the 
cutting edge of his instrument. This method of rough* 
ening the handle of cutting instruments which are to be 
used beneath the surface, and therefore under govemanee 
of touch, has the additional advantage of affording a 
firm grasp of an otherwise smooth surface, and of doing 
this without providing such opportunity for the lodgment 
of septic material as is afforded by fine serrations. The 
handles of all the instruments used should be of metal, 
smooth finished, and jireferably with a smooth, gouged, 
or undulating surface, in iilaee of the usual serrations. 



MASTOIDECTOMY 



251 



The first step after evacuation of the mastoid cavity 
having been the clearing of the mastoid antriiin, attention 
should next be directed to its central and anterior por- 
tions, to the tip, and finally to the superior and posterior 
walls, the cortical o])ening being extended, when neces- 
sary, inferiorly to include the whole of the tip, and pos- 
teriorly and superiorly to the extent of entirely reveal- 
ing the mastoid cavity, and such pneumatic cells as are 
sometimes found extending backward to the limit of the 
temporal bone. (Plate I.) 

* Gauze sponges should be used during the operation 
within the mastoid and at its completion, for the purpose 
of thoroughly dry-cleansing tlie cavitj% which can then be 
subjected to a careful examination, both ocular and tac- 
tile, for the detection of any diseased bone or granula- 
tion tissue pocketed in some irregularity of the inner 
mastoid surface. 

Completion of Mastoidectomy. — For the simple mas- 
toid operation the foraiation of such set rules as the re- 
moval of the entire mastoid tip and extension of the 
operation to include the root of the zygoma, in all cases, 
is objectionable on the ground of its possible superfluity. 
The ojiening of the mastoid cavity, by removal of its 
outer cortical wall, should he so large as to permit thor- 
ough visual as well as tactile investigation, and experi- 
ence has shown that, in the majority of the cases thus 
dealt with, the whole or the gi-eater part of the mastoid 
tip may Ije left intact, and that the cells in the root of the 
zygomatic process are rarely involved. The advisable 
sequence of procedure, in the simple mastoid operation 
after removal of the outer cortex and evacuation of the 
main portion of the mastoid cavity, may be briefly stated, 
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as, first, establishment of free communicatiou with the 
■antrum and middle ear; second, free evacuation of the 
mastoid tip ; and, tliird, curetting of the posterior portion 
of the mastoid, removal of diseased portions of the inner 
cortex, and exposure of the sinus. The true conservatism 
in tlie mastoid operation is that which is most radical in 
the removal of all diseased, and most judicious in its con- 
servation of all I'eally sound tissues. 

While the simple mastoid operation has for its main 
purpose the removal of the contents of a cellular cavity, 
the walls of which are mainly formed of firm cortical 
bone, the jiossible necessity for removal of portions of the 
inner cortical wall should always be had in mind, and, 
after the main evacuation has been accomplished, the ex- 
posed inner cortex should be subjected to careful search 
for any points of reddened bone, or of any oiiening of 
adventitious cells requiring further removal. 

Blood-clot Dressing.^ — Bleeding bone should again be 
curettetl until a finn, hard surface has been reached, or 
the bone entirely removed exposing the subjacent soft 
tissue, whether muscle or dura, the purpose of the opera- 
tion being to produce as nearly as possible a dry aseptic 
cavity, which may then be allowed to fill in with blood 
from the surrounding soft tissues. 

At the close of the operation the resultant hone cav- 
ity should be packed with small gauze sponges, and atten- 
tion directed to the soft tissues. The retractors and 
nippers being removed, areas of necrotic soft tissue should 
be searched for and curetted, or otherwise eliminated, 
together with all loose shreds; the clean surfaces of the 
mastoid wound should then be refreshed by curetting, 
their bleeding filling the mastoid cavity, from wliich the 
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sponges have now been reraove<l, ami the cut surfaces 
should be brought into apposition and so maintained 
either by pressure pads or by sutures, the final applica- 
tion being the usual dry sterile dressings and Imndages. 

In the majority of instances, where the preliminary 
incision has been simple, and carefully made, coaptation 
of the cut edges by [iressure i»ads is sufficient for satis- 
factoiy healing. With an inclined or an extended cut the 
eoai>tation under pressure may need to be sup])]emented 
by single, interrupted sutures, of silk or silkwonn gut, 
while for complete sutural closure the continuous subcu- 
taneous silver-wire suture is the best. (Plate J.) 

Unless otherwise indicated, by ]>ain, rise in tempera- 
ture, or discharge from the wound, the dressings may be 
left in place for five days or more, when, if asepsis has 
been perfect, the wound will be foimd to have healed by 
first intention. 

Experience with the blood-clot method of mastoid 
dressing shows that healing by first intention, with sub- 
sequent persistently good results, is obtainable in a suffi- 
ciently large proportion of cases, both acute and chronic, 
to make its attemjft as an ordinary procedure justifiable.' 

Of danger by this method there is apparently none, 
since, in the event of failure to organize, the clot breaks 
down, usually either wholly or in part, within forty-eight 
hours, in proportion to the extent of the infection, and 

' Testa with the blood-clot dreaMtig in a series of 9ervic<es at the Massa^ 
ohusetts Charitable Eye and Ear Infirmary, applying it in all caseai without 
reference to the qnrtemic condition of the patient or ehanicter or extent of 
the local disease and rerjuisite surgical interference, ga\'o proportions of 
primarj' healing varying from twelve to fifteen per cent ; while the same tests 
applied in selected eaees of good systeinie condition and conipafativi?ly aeut* 
mastoid involvement gave primary heating in from fifty to seventy-five 
per cent. 
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tbere results tlie condition of an open wound beaiiug by 
granulation tissue, and to be treated by the usual method 
of packing and cleansing. In some instances the blood 
clot organizes and remains firm in the upper portion of 
tlie mastoid wound, while drainage from the antrum is 
effected below through a broken-down portion of the clot, 
fonning a sinus that subsequently heals by grjiuulation. 
If, therefore, for any reason, systemic or local, it seems 
inadvisable to adventure the blood-dot dressing entire, a 
sterile gauze wick may be inserted into tlie antrum, or 
the whole cavity may be lightly packed with sterile 
gauze, with a view to the slower process of healing by 
granulation. 

Under tJiese circumstances, the objection to the super- 
ficial closure of a wound incident to an operation having 
for its jiurpose the evacuation of a septic cavity has less 
force, and by the blood-clot dressing an opportunity is 
given for the progress of a natural reparative process at 
first hand, eitlier throughout the whole mastoid cavitj' or 
in part, wliile, even in the event of complete disintegra- 
tion of the clot, an impulse has been given to the forma- 
tion of healthy granulation tissue. 

It is, of course, to be understood that where the 
conditions at the time of operation are such as to make 
postoperative access to the parts desirable, the hlood-elot 
dressing is inadvisable. 

Complications. — The complications of mastoid disease 
which may require surgical interference, beyond the 
boundaries of the mastoid region, and which, on account 
*of their intimate and consequent connection with it, must 
of necessity come within the province of the aural sur- 
geon, are those which attend the extension of the mastoid 
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iuflammation, or of its products, either downward into the 
tissues of the iieck, upward, subcutaneously, as in the for- 
mation of the post- and supra-aural abscesses, and inward 
or upward into the cranial cavity, or into the sinus. 

CERVICAL ABSCESSES 

In the great majority of eases of burrowing of pus 
from the mastoid cavity into the tissues of the neck there 
is found to be the not uncommon combination of a thick 
mastoid cortex on the outer surface, with thin bone at tlie 
tip, and in the digastric fossa, from which point the direc- 
tion taken by the pus, in gravitating downward, is gov- 
erned both by location of point of exit and the guidance 
of the muscles and fascia; pus issuing from the tip of 
the mastoid usually making its way downward along the 
line of the sterno-cleido-niastoid muscle posteriorly thereto 
and sometimes passing foi-ward into the anterior triangle, 
while jius making its exit at the digastric fossa usually 
extends backward under the deep fascia and follows down 
the back of the ue;ck, unless its cumulative pressure forces 
its way through one of the fascial lacuna? outward, into 
the anterior portion of the posterior triangle. 

One of the marked evidences of a spontaneous perfo- 
ration of the mastoid cortex is a cessation of the painful 
sjTHptoms in the mastoid, with or without corresponding 
decrease of temperature, and, simultaneously or subse- 
quently, evidence of the point at which the i>us has made 
its exit, as shown by swelling or tumefaction of the ad- 
jacent soft tissues. 

In tbe event of swelling over the digastric fossa, ten- 
derness at this point ujion deep pressure, and other evi- 
dences both of involvement of the mastoid tip and of 
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pnMkMUL of pm m the ncck^ die opentire inasiga, Ixsm- 
waag as ami on Hie vpper pairt of die msstoid sorf aee, 
iJboald be carried d o w nwa rd and lucksard poetaiorly 
to tlie mastoid point of TiweTtioii of die atenMMrleido- 
inastotd uiuJl, aad d a m urn M id iato the ne^ as far as 
may be reqniBte to seenre dioroagji drainage. 

At the eoodnnoB of the mastoid operation the simis 
opening into the neck shoold be thorooghly dilated, and 
aearch made within the nmainSA cavity for other possible 
points of exit downward, inspected areas of the mastoid 
cortex at the tip being completely cnretted, or the entire 
lower portion of the mastoid remoTed, if necessary. 

The dilated sinns into the neck being carefally ex- 
plored by means of a long biont probe, its lower limit 
detemunedr and a counter opening made, if necessary, the 
ginns, and snch portions of the mastoid cavity as are not 
allowed to fill in with blood clot, should be packe<l with 
sterile ganze or iodoform dressing, or a rubber drainage 
tube inserted, and bandaged in tlie usual manner. 

The sabsequent dressing of a sinus of tliis descri]>- 
tion, without external o]>ening at its lower extremity, 
sboukl include removal of all detritus, thorough cleans- 
ing, and ap7*ositioD of its walls by pressure applied from 
tx'low upward. 

For cleansing purposes, the use of the hydrogen diox- 
ide is a valuable addition to other treatment, the precau- 
tion always being taken to insure a free egress of tlie 
rcBultant jtressure at the upper portion of the sinus. 

If, at tlie time of operation, the pus has already 
pointed, or gives indication of so doing, in the lower part 
of tilt' neck, tlie mastoid incision sliould }>e continue*! to 
n jjoiiit sufficiently below the mastoid ti}) to permit of the 
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bone being reached from below as well as abovcj witb a 
view to its entire removal, if needed, and to jjermit easy 
access to the channel along which the pus has made its 
way, after its exit from the mastoid cavity. 

The course of the pus downward in one or more direc- 
tions, and the limit to which it has gravitated, having 
been deteriuined by the use of the long nialleable bhmt- 
ended probe, an incision should Ik? made into the neck at 
the bottom of the sinus, the cutting being done either 
upon a probe or director or upon the finger, introduced 
into the pus cavity from the wound above. 

Openings having been thus established at the two ends 
of the sinus, its walls should be lightly curetted, and 
either a fenestrated drainage tube or tlie gauze wick pack- 
ing inserted, subsequent dressings consisting in lenewal 
of these applications, and syringing with either nonnal 
salt solution or hydrogen dioxide, until the sinus closes. 

In the more extensive burrowing of pus in tim tissues 
of the neck it is occasionally necessary to lay the sinus 
ojjen throughout its length, which should be done either 
by cutting outward from a grooved director, where the 
sinus is superficial, or by an incision from without inward, 
through the successive layers of skin, muscle, and fascia, 
where it is deep. 

In that type of temporal hone in which the projection 

of the mastoid process presents in its lower third the form 

of a nipple, a spontaneous perforation of the cortex, and 

exit of ]ms, may occur on the inner side, and the pus, 

finding its way along the inner surface of the stemo- 

eleido-mastoid muscle, may burrow into the deep tissues 

of the neck extensively before giving external evidences 

of its lu'esence, the ultimate iiointing being usually ante- 
is 



260 



MASTOID OPERATION'S 



riorly to the muscle in its lower third, or poeterioriv at 
a corresponding level toward the median line. Where 
this has already occurred when the case comes to opera- 
tion, the mastoid tip sbonld be tJioroagfaly searclied for 
this and other possible fioiuts of exit, and either entirely 
removed, or, if its cortical substance is firm and healthy 
except in the region of perforation, the extremity of the 
tiji should be removed, by chisel or rongeur, from without 
inward, until the perforation and surrounding area of 
bone are included in a longitudinal opening, widening 
from tlie iwint of spontaneous perforation outward, the 
purpose being not only to remove all infected bone, but to 
provide free access to the deep-seated sinus from above. 

POSTAURAL ABSCESS 

Spontaneous perforation of the mastoid cortex either 
into the external auditory canal or on the upi>er portion 
of the outer mastoid surface, and the formation of Uie 
so-called postaural abscess, occurs more fraiuently in 
young children than in adults, as would be expected from 
the character of the bonej but in neglected cases of sup- 
purative mastoid disease in adults, large accumulations 
of pus are sometimes found extending backward from 
the upper border of the mastoid process, the explanation 
of tlie exit of jjus from the mastoid cavity at this point 
being found either in the thinning of the bony wall, the 
passage outward along the course of a vessel, or the pres- 
ence of large pneumatic cells which prolong the mastoid 
cavity, in its upper portion, to an unusual distance back- 
ward, and which usually have thin exterior bony walls. 

Tn tlicso cases tlif usual incision through the soft tis- 
sues should be uuide to include the superficial pus cavity, 
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or should lie supt»ieuiented by a divergent incision laying 
the pus cavity suffieieDtly open to permit of the thorough 
cleansing of its walls and the search for the point of exit 
of the ims from the mastoid, and for any area of necrotic 
bone. 

Areas of necrotic bone should be thoroughly curetted, 
or removed by means of the chisel, gouge, or curette, 
until only sound bone remains, and the opening through 
which the pus has found exit should be made the starting 
point for a free removal of the cortex, until the pneu- 
matic cells are laid open to the extent of including them 
in the general opening of the mastoid cavity. 

Previous to the general mastoid operation the walla 
of the superficial pus cavity should be thoroughly curet- 
ted and drj'-serubbed, and subsequently the walls should 
be brought into apposition by pressure pads, or the cavity 
dressed with sterile or iodoform gauze, as the extent of 
the supei'ficial cavity or the degree of necrosis of its walls 
may indicate. 

MASTOIDOTYMPANAL EXENTERATION 

"When spontaneous perforation of the cortex has oc- 
curred, as on tlie anterior mastoid cortex, forming the 
posterior canal wall, this bone should be removed, to 
inclusion of tlie point of spontaneous perforation, and 
prolonged, in cases of more extensive disease of the bone 
and of cholesteatomatous accumulation in the antrum and 
epitympanum to include entire removal of the postero- 
superior portion of the bony external auditory canal and 
outer epitjnmpanic wall, constituting the mastoidotyra- 
panal exenteration. 

The essential steps of this operation include removal 
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field of 

qidre. dtber by tbe iiilriiiiiliimBl of a 
aural opening vitb denal valli aotfeed try 
hy akm grafliBg, or a eooibiBatioB of flap i 

by enIai]B»BBit <rf tte aaditory canal and 
of tbe posterior opeaivg. 

HMvutg wwplrtwi tlw nastaid openiioB proper, tbe 
retractors AoM be removed from tbe postannl 
tke anide polled fonrard, the soil tiaaaea of tbe 
andhory canal earefoDy sepantrd frata tte 
posterior bony canal valL compleie aepatati 
flwd by an ineiaian tbron^ tlw soft lirmiMii at &e inner 
end of tiie eand poaierioriy and superiorly, mad tfe as- 
ride and eoft tissoes of the canal drawn and Md for- 
ward by BBeana of a broad band of stoat t^ie or of foldsd 
gauze passed into the canal posteriorly, dnwn oat Owoa^ 
the meatpg, and its two ends hdd fay an — or by 
means of a long narrow-liladed reetaagnlar retmctor in- 
serted posteriorly for tbe same porpose. (Plate K.) 

With the field Uras deared, the ranoral oi Ok boay ^ 
canal and epitympame wall may be easily effected byfl 
means of flie dusd or ro ng wr, aa may be preferred. In 
the use of the dnael the eottiag AoM be carried abonre, 
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carried upward at such an angle as to avoid at its inner 
end the antral floor, and thus safeguard the canal of the 
facial nerve, which in some cases runs superflcially be- 
neath the inferior antral wall, its position marked by a 
well-defined hard bony ridge. 

The lines of bone incision present the sides of a 
rectangular triangle, the superior side heing nearly hori- 
zontal, from without inward, and the inferior trending 
toward it at an agle of 45° and temiiuating in the epi- 
tJ^nl>anunl and aditus ad antrum mastoideum. (Plate 
L.) In the depth of the cavity thus exente rated may be 
seen, if in situ, ihe two major ossicles, showing plainly 
against the dark background by means of their contrast- 
ing whiteness. 

The removal of these bones is merely a matter of care- 
ful dissection of their normal or patliological attachments, 
and the separation of the malleus from the anterior iKir- 
tion of the drumhead, which, if intact, may be utilized 
for an attempt at closure of the tJ^npanic orifice of the 
tympanophai-jTigeal tube, by curettage of tlie tympanal 
mucous membrane and subsequent packing of the drum- 
head Hap forward. 

The mastoidotyrapanal exenteration should include 
not only removal of tlie two major ossicles, whether 
themselves diseased or not, in order to secure free access 
to tlie epitympauie space for subsequent dressing, but 
access to the aditus ad antrum should be secured, if dress- 
ings are to be done through the external auditory canal, 
by slitting the membranous canal either superiorly or 
supero-posteriorly, and also posteriorly or postero-infe- 
riorly, as far out as the concha, the flap thus fonned being 
denuded of its cartilage by shaving its posterior surface 
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there is sentred bv means* of parking introdneed into the 
canal. Thtx packing sboold ooiHnst of small pieces of 
broad gamt ta{ie, plain or iodoformed, as maj be pre- 
ferred, not more than an ineb in length, introduc«>d by 
Deam of an angnJar dressing force|i6, nmier good illomi- 
natton, tlirougli tlie now widened canal, and counted > 
they are pat in place. Before tbeir introduction the mid- 
dle ear ftbould be carefully mopped and dry-scmblied by 
means of a sterile cotton*tipped probe, and the wbole pro- 
cedurt' of dressing sbontd be eondneted under the aseptic 
precHtitlons proper to any operation. 

Esi>e<'iaHy if it has been possible to conserve the an- 
terior poiiion of the drumhead, the first pack should be 
made in the direction of pushirfg this ujiward and for- 
ward, care being taken to insure its sufficient periitheral 
division, on its anterior border, to make its movement in 
tliis direction possible; the further packing in the tjnn- 
jmnum sliould be comparatively light, and in the canal, 
froiti williiii outward, increasingly firm enough to keep 
tiio canal flap in place. 

Tiie poHtanral wound having been previously dosed 
by tilt' itilcrnii»t('d or continuous subcutaneous suture, 
tlic usual dry gauze dressing and bandage should Ik? ap- 
pli('(l. A dressing of this kind, in a case of searchingly 



MASTiUlMtTYMPAXAL EXENTERATIOX m) 



examined and compJetely evacnated tymjianoniastoid ex- 
enteration, may, escept for untoward general eoudi lions, 
be advisedly left in place for four days and then exam- 
ined, with removal of tbe canal and middle-ear jiackiug, 
in reference to the advisability of skin grafting for fur- 
therance of dermatization. 

In a completely radically effective operation the pos- 
terior wound will be found, at this first dressing, to have 
become closed, with exception of its lower end, through 
which there is a serous seepage from the organizing clot 
within, and tlie removal of the canal jiackiug will show 
the canal flap in place and the tympanic mueosa in con- 
dition for skin grafting, or already showing first evidences 
of dermatization, in which latter case the packing may be 
removed or lightly renewed. 

The objective indications of a spontaneous dermatiza- 
tion, or of fitness for skin grafting, are shown in a still 
reddened, but smooth and nearly dry, tympanic mem- 
branous lining and a healthy pcstaural wound witli agglu- 
tinated edges. The skin grafting should be done by the 
Thiersch method, the grafts being carefully a|iposed to 
the tympanic wall, without rolled or loose edges, smoothed 
and pressed into place by means of a dry cotton-tipped 
probe, and then retained by the light pressure of small 
sections of gauze tape, as in the first dressing. The util- 
ization of the anterior portion of the drmiihead as a flap 
over the opening of the tympanopharyngeal tube, where 
this is possible, materially facilitates the process of re- 
pair, both by shutting off a channel for further possible 
infection and by furnishing a starting point for spon- 
taneous dermatization. Where this use of the anterior 
portion of the drumhead is not possible, either because 
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it is wanting as the result of disease, has been removed at 
time of ojieratioE, or is inadefjuate in size, the tympanic 
end of the tube should be lightly curetted, dry-scrubbed, 
and the attempt made to close off the tubal opening from 
the middle ear by means of a skin graft. 

Tlie success of this method of 0[ieratioii, consisting in 
radical evataiation and in primary closure of the post- 
aural wound, has made it possible to avoid, in the great 
majority of cases, the protracted and often painful after- 
treatment incident to the establisbmeBt of a jienuanent 
postaural ojiening, but the success implies, as a necessity, 
a searching and careful operation and the complete re- 
moval of all diseased tissue, 

PERMANENT POSTAURAL OPENING 

In tuberculous, luetic, or diabetic subjects, and jiarticu- 
larly in children, in whom the quality of the bone renders 
it especially liable to a secondary extension of an osteo- 
myelitis, the maintenance of the postaural opening, until 
it has become filled by gradual healthy granulomatous 
growth from within outward, or has been constituted a 
permanent oiwning by dermatization, is more frequently 
necessary; but tlie great majority of cases requiring tym- 
panomastoid exenteration may be brought to a much more 
sjieedy and satisfactory tennination by careful operation, 
closure of the posterior wound, and subsequent dressing 
through the enlarged external auditory canal. 

The establishment of a pemnanont postaural opening, 
in cases of tympanomastoid exenteration, has for its pur- 
])ose not merely continued access to tlie field of ojieration, 
but the ultimate sultstitution of a protective dermoid tis- 
sue for the mucous lining. The achievement of this latter 
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t'lid I'litails prolonged jiiid ofti'ii pjiiiiful treatiiiout, and 
ultiiimk'ly, iu many ca.st?s, the pfrronuamv of a plastic 
ofHjralion to close the estahlisljed postaural opening. 

Where the establishiiieiit of a pennanent postaural 
opening, with denmatization of the mastoid, antral, epi- 
tyiniianic and tympanic walls is desired, the creation of 
a dermal tube from behind, inward, foi-ward, and out- 
ward, to join the skin lining of the external auditory 
canal, is favored by the formation and ajipositiou of skin 
flaps taken from the less pilate portions, or by the transla- 
tion of skin into the wound. Narrow flaps may be taken 
from the posterior surface of the auricle, from the adja- 
cent region of the neck, and from the posterior mastoid 
surface, within the hair line, such flaps consisting only of 
the sujierficial dennia and a thin layer of subderraal tis- 
sue, with a narrow attachment to the main body of the 
skin sufficient for circulatory nourishment, hut iiennitting 
the flap to he easily turned into the postaural cavity. 

Translation of skin into the postaural wound may be 
effected hy dissecting up the suhdermal layer from the 
edge of the wound, in any desired direction in a direct 
line, to the extent of one or more centimeters, making a 
sujierficial incision at the termination of this line of dis- 
section and at right angles to it, slipping the separated 
skin into the i>ostaural wound, and closing the temporar\' 
superficial incision by still further dissection of the sub- 
dermal layer beyond it, and slipiiing that forward and 
uniting the two cut edges by sutures. The skin transla- 
tion, where it is feasible, has the advantage of supplying 
a well-nourished and comparatively epitate surface favor- 
able to the extension of dermatization. The skin flaps, or 
skin translation, should be kept in contact with the sur- 



the protection of tlie facial canal during an ojiening of the 
semicircular canals, and the schematic drawings accom- 
panying his article illustrate very well the several steps 
of the operation for complete labyrinth exposure. 

A narrow chisel is the best instrument for removing 
the bone covering the canals, and the opening into the su- 
perior canal can be extended posteriorly, in the shape of 
a narrow gutter, to join the external or horizontal canal. 
Entrance to the vestibule is most readily gained by re- 
moving the foot plate of the stapes. WHien this ossicle is 
present as a whole it may be grasped by forceps, or a 
hook passed between its crurae, and extracted by gentle 
maniiralation. Tf it is anclniosed, the chisel or gouge 
must be employed for its removal. Having thoroughly 
opened the canals and established communication with the 
vestibule, the operation may be comiileted by removal of 
the promontory anteriorly and interiorly to the level of 
the tJ^npanic oritice of the tympanopharyngeal tube and 
posteriorly to a junction with the round window. When 
the oijeuing into the cochlea is made through the round 
window care should be taken not to penetrate too deeply, 
lest the carotid artery, which may be in close proximity, 
shall be wounded. 

During all of these procedures a good illumination 
of the operative field should be maintained. An electric 
headlight may bo worn for this purpose, or a strong re- 
flector employed to concentrate the light where it is needed. 

EXTRADURAL ABSCESS 

The sequence of extension of a septic inflammatory 
jtrocess from the middle ear to the mastoid cavity is, first, 
through the connecting pneumatic cells, extending thence 
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to tlie surrounding diiiloi.', and, finally, to sut'ii portions of 
the mastoid fortex as may be more vuluerabic, because 
less viable. These less resistant cortical areas are to be 
found in vaiying isolated positions, but mainly where the 
cortex is thin, and they pertain especially in the tegmen 
ty'nii)ani, tegnwn initri, the posterior jiortion of the tog- 
men inastoideuHi, the posterior portion of the mastoid 
wall, in the region of the sinus, where tlie mastoid cavity 
is extended backward by frequent intercommmiicating 
subcortical cells, and at the mastoid tip. 

The diseased mastoid cavity Iming largely filled with 
highly vascular redundant granuloninta capable of exert- 
ing a considerable |)ressure, the setiuonce of a spontaneous 
perforation of the cortex, as is exhibited in oiwration 
where the first ojjening in the outer mastoid wall is fol- 
lowed by a forcible extrusion of pus, is the rapid expan- 
sion of the granulomata, so soon as circuinvirent resist- 
ance is removed, with ejection of jins through the oi^ening 
into the surroimding nrcji, whether downward into the 
tissues of the neck, the familiar cervical abscess of mas- 
toid origin, or backward and upward into tlie cranial 
cavity with fonnation of the extradural abscess, so called, 
in reality an abscess like that of the neck, of mechanical 
causation, not an abscess, per sc., of infective origin. 

The limitation of these pus collections emanating from 
the mastoid is detennined largely by tlie mefluiuical re- 
sistance of tlie surrounding tissues, by the influence of 
gravitation, and by the controlling effects of a secondary 
inflammatory process, such as is seen, osjiecially in cases 
of i)erforation of the tegmen tyiufiani and tegmcn antri, 
where a limited meningeal inllairimatioii has resu!lc<l in 

'tuilding of a lymph wall aliout the invaded area. 
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A normal and constantly persistent iiiet'Uanical agent 
for protection of the cranial cavity from invasion from 
the subjacent mastoid cavity is the outward brain pres- 
sure, downward upon the superior and outward upon the 
posterior inner mastoid wall, incident to the blood supply 
to the brain in these directions, a pressure sufficient to 
stop hemorrhage from a meningeal vessel or even from 
the sinus, at time of operation, if only the o]Tening in the 
cortical wall be made large enough to [jcrmit the crowd- 
ing of the bleeding vessel against the edges of the bone 
oi»ening, by the normal brain pressure exerted from within 
outward. 

Where the extradural abscess, of mechanical causation, 
has persisted a sufficient length of time, a secondary in- 
flammatory process results, and the exposed dura will be 
found covered with granulomata, which also serve a part 
in the fonnation of the protective wall, limiting lateral 
extension of the fluid contents. In such instances the 
dura should be freed from granulomata by careful curet- 
ting, care being taken not to penetrate laterally beyond 
the limit at which the adherence of the dura marks the 
boundarj' of the abscess cavity ; after curetting, the whole 
extradural abscess cavity should be thoroughly dry- 
scrubbed, and good mechanic-al drainage having been se- 
cured to it by a large cortical opening into the mastoid, 
it may be left to participate in the subsequent dressing 
of tliat cavity. 

IjVTeral sinus thrombosis 

One of the complications to be looked for, especially 
in cases of prolonged suppurative disease of the mastoid, 
is tlie implication of the lateral sinus, either by inflam- 

19 
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matory thickeniDg of its wall adjacent to the mastoid, 
and corresponding decrease of the lumen of the vein, or 
by formation of a protective thrombus which may or may 
not have become septic, according to its ]iower of resist- 
ance or the degree of invasion of septic material from the 
mastoid cavity. 

Tbe possibility of sach a complication, of a snppura- 
tive process confined originally within a distinct cavity, 
hounded by a more or less <Minservative finu bony wall, 
emphasizes the importance of early ojieration when once 
the supimrative character of the inflammatory- process in 
the mastoid has been definitely determined, and also tbe 
importance at the time of ojjeration, in all doubtful cases, 
of uncovering the sinus by removing the contiguous mas- 
toid cortical wall to a sufficient extent to permit free visual 
and tactile examination of the vein. That this step should 
be advisedly deferred until the remainder of the mastoid 
or tympanomastoid cavity has been comi)letely exente- 
rated, is evidenced both in cases in which the hemorrhage 
from an intact sinus, uncontrollable by more extensive re- 
moval of the mastoid cortex, has necessitated plugging, 
and in those in which the presence of a thrombus has 
necessitated more extended mauii>uiation and, jKJSsibly, 
the precautionary measure of ligation of tbe jugular. 

Wlien well exposed the sinus wall should be carefully 
examined, under good illumination, with a view to the (Je- 
termination of any general thickening or of the less easily 
jterceivable limited areas of necrotic tissue. Normally, 
the vein should show a dark blue color, should l>e easily 
compressible by the finger, and a bent probe, with the 
convexity of the curve ijrcssed across the vessel, should 
xhibit a flattened surface of the vein below and a con- 
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vex surface above it. In the event of inflaniniatory thick- 
ening of the vessel wall in the area exposed, the deep 
hhie color is lost, or but faintly indicated, and tactile ex- 
amination is insufRcient to decide accurately between the 
resistance offered by a thickened vessel wall or by an 
occluding thrombus, in which case the question must be 
answered by opening the sinus itself. This is best done 
by means of a narrow-bladed knife or a pair of small 
straight scissors, and either of these instruments is to 
be much preferred to the hypodermic needle; both are 
more certain of sterilization, and both give immediate 
evidence of the existing condition when tlie lumen of the 
vessel is entered. The cut should be made lengthwise of 
the vein, which may l>e lightly compressed laterally, by 
means of straight forceps, in order to give it a more 
rounded contour. The free tlow of blood may give suffi- 
cient evidence of the integrity of function of the vessel. 
In event, however, of the jiresence of an occlusive throm- 
bus the incision should be extended to within a short 
distance of the limit of the bony opening, but preferably 
kept within that area, and the contents of the sinus ex- 
amined by means of a small, blunt, unfenestrated spoon 
or curette. If the thrombus is found to be septieally 
intact and finn below the ojjening made in the vein, it may 
be curetted above until free bleeding has established an 
effective lavage, the lower portion of the thrombus re- 
maining untouched, and the wound dressed by the usual 
method of packing, the small gauze sponges already men- 
tioned being useful for this purpose. 

That ligation of the jugular is not essential in all 
cases of sinus thrombosis is evidenced by the large num- 
ber of instances in which satisfactory recovery has oc- 
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curred without it; but these must be offset by the cases 
in which recovery has been attained only through the 
success of an intennediate battle with septicemia and 
those which have never recovered. The operation of liga- 
tion of the jugular alone, or when coupled with resection 
of the thrombosed vessel above the point of inferior liga- 
tioD, is simjile and secure, and there are as yet wanting 
evidences of any prejudicial effects.' In the event of a 
nmral thrombus there is always danger of its mechanical 
disintegration; with complete tbrombic closure of the 
vein, any jiossible deleterious effects ui>on the cerebral 
circulation which might ensue from ligation of the inter- 
nal jugular are already accomplished, and this operation, 
subsidiary to the sinus thrombosis complication of mas* 
toid disease, is in all such cases warrantable for the pur- 
pose of safeguarding the general circulation. 

LIGATION OP THE INTERNAL JUGULAR VEIN 

To place a barrier before a growing septic thrombus, 
to cut off from absorption into the general circulation 
toxines, bacteria, and infective particles of a decomposing 
sinus thrombus, and to prevent dislodged portions of such 
a clot from being carried into the heart by the blood 
stream when a thrombus is being removed from the sinus 
above, it is advisable to ligate the internal jugular vein 
as soon as the diagnosis of lateral sinus thrombosis has 
been certainly established. The diagnosis is seldom posi- 
tively made until, in the course of a mastoid operation, 
the sinus wall has been exposed and inspected. After 
such an examination, and upon arriving at the conclusion 

' K. GruncTt. " Zuf Qefahr der Bulbus Operation ; Bildiing einer Elnoe- 
phalocele." A rehiv fiir OhrenKeilk., v. 64 . ] !)05. 



INTERNAL JUGULAR VEIN 



279 



that the sinus is thrombosed, the mastoid oiieratioa should 
be completed and a light aseptic dressing jilaced in the 
wound until the jugular has been ligated, deferring for 
the time being the opening of the sinus and removal of 
the thrombus. 

The entire side of the neck, from the chin in front to 
the ]iosterior border of the mastoid process behind, down 
to the clavicle, should be aseptically prepared by scrub- 
bing with soap and brush and washing witli alcohol. The 
line of incision is parallel with and along the anterior 
border of the stemo-cleido-mastoid muscle, beginning at 
a point opposite the angle of the jaw and extending down- 
ward and toward the median line four centimeters or 
more. In some eases it may be necessary to extend the 
incision from the tip of the mastoid process to the inner 
end of the clavicle. If a block or stiff pillow be placed 
under the patient's neck, so that the head hangs below the 
level of the shoulders, the stemo-cleido-mastoid muscle 
will be put upon the stretch, and its anterior border wilt 
thus be better defined as a guide. By cutting through the 
skin, subcutaneous tissue, and the platysma, layer by 
layer, checking bleeding by the application t»f hemostats 
as. the oijeration proceeds, the deeper dissection being 
made with a blunt dissector or the sealiiel handle, a com- 
paratively dry dissection can be made. The wound should 
now be held open by retractors, the posterior retractor 
blade being so introduced as to enfold the belly of the 
muscle as it is freed from its sheath by progressive dis- 
section. Picking up with blunt forceps the fascial sheaths 
that cover the muscle and separate the vessels, and 
cutting through such tissue guardedly with knife or scis- 
sors, the internal jugular vein and the carotid artery come 
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into view. Their relative positions aod the pulsation of 
the artery serve to distiDg:nisb one from the other under 
ordinary cireurDstanees, but it sometimes happens that in 
a state of phlebitis the vein presents an abnormal appear- 
ance. It is frequently mudi dilated and exhibits an ap- 
parent pntsation. whieh is afforded by the adja(?ent artery, 
or sometimes by an impulse transmitted from the larger 
vessels below. In such an event the vein can he distin- 
guished by raising it from its bed, in which condition such 
pnlsation ceases. 

Haviog exposed the vein and slit its sheath longi- 
tudinally for a distance of two centimeters or more, two 
catgut ligatures should he placed around the vein with 
the aid of an aneurism needle or other ligature carrier, 
(Plate M.) The lower ligature should be prcsseii down* 
ward as far as possible and tied. The second one is then 
carried upward for the distance of one centimeter and 
tied, and the portion of vein intervening between the 
ligatures is raised and completely divided. In cases 
where in6ammation of the vein is evident below the jugu- 
lar bulb it is wise to continue the operation by resecting 
the upper section of the vein as completely as possible, 
even up to its bulbous portion. To do so, the slit in the 
sheath surrounding the vein should be carefully extended 
upward, and all branches entering the vein should Iw 
ligated in the order they are encountered, the chief 
branch being the facial vein which enters the internal 
jugular in its middle third at an angle of about forty-five 
degrees. 

While exposure of tJte internal jugular at the anterior 
border of the stemo-cleido-mastoid muscle is the nsual 
method of jiroeedure, and perhaps the simplest way, tbis 
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vessel may be reached by cutting directly through the 
belly of that muscle, in its middle third, tlie fibers of 
which separate easily and close again compactly over the 
vein wlien the operation is completed. The exact loca- 
tion of the vein during such dissection can always be 
determined by feeling the arterial pulsation of the carotid 
with the examining finger. 

Unless the operation has established direct connection 
with a septic tract above, the neck wound should be closed 
for healing by primary intention, using the subcutaneous 
or interrupted suture and applying an aseptic gauze dress- 
ing. At this point the surgeon may again turn his atten- 
tion to the thrombosed sinus, which can now be freely 
opened and its contents removed by curettage and irriga- 
tion of tile lower portion, the reestablishment of the blood 
current above serving to wash that section after removal 
of the clot. 

INTRADURAL AND BRAIN ABSCESSES 

Tluit the persistence of a suppurative process in the 
epitynipaiium and mastoid may result in the causation of 
intradural abscesses and the foniiation of abscess cavi- 
ties in the brain tissue itself, is evidenced by the increas- 
ing enumeration of cases of so-called otitic brain abscess 
and by the formulation of rules for their detection and 
relief. The more common seats of intradural abscesses 
are, as would be expected, the areas in which the extra- 
dural accumulations of pus are usually found, while the 
intracerebral abscess projier of otitic origin, the result of 
a translated septic infection, may be found in any portion 
of the brain, but more commonly in the lateral basal and 
posterior portions of the cerebrum, and in the cerebellum, 



284 



MASTOID OPEKATK )X8 



and may exist, in default of invasion of the more pro- 
nounced sensory and motor tracts, for a considerable 
peritjd of time (months, or even years) withcmt otlier than 
Bysteniic evidence of its presence. Under these conditions 
their preO[)erative localization has difficulties which do not 
])ertain where jierijiheral syTOptoms ])oint to the situation 
of the centrally located cause, and make the course of 
surgical intei-vention plainly indicable. 

The primary point of intracranial infection of otiti 
origin being a perforation of the cortical substance o 
some i»ortion of the tympanic or mastoid wall, with ex- 
posure of the dura, a tibrous resistant, membrane, care 
should be taken not to penetrate it and exjiose the mo: 
vulnerable tissues which it incloses, unless tliere are indi 
eating syinjitonis of a deejicr area of infection already 
established, in which case the dura should be freely ex- 
]iosed over as large an area as the coufiguration of the 
tympanic or mastoid wall will iiermit, and the dura slit 
by means of a narrow-bladed bistourj", and this ojwning 
enlarged by means of lateral scissor cuts. In the event 
of a proximate necrotic brain area with septic products 
encapsulated within the brain tissue, a rajnd extrusion of 
biain substance through the dural opening will indicate 
its presence, and possibly the direction in which it is to 
lie sought : in default of this, careful exploration of the 
brain substance, guided either by previously obsen'ed 
peri]ihpral localizing sjinptorus or by the statistically de- 
termined ])robable location of the abscess, should be made 
either with a large trocar or. jireferably, a hollow straight 
airootnr or some expanding instrument, a slender-bladed 
for instance, experience with a trocar having 
o be ineffective in the event of thick pus min- 
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gled with detritus, or from a clogging of its lumen in 
passing through the encapsulating abscess wall. 

The general course to be followed in a case of sus- 
pected brain abscess of otitic origin should be, first, the 
observance of all possible peripheral localizing symptoms, 
and, sceond, as complete an operative exposure as possible 
of the tympanic and mastoid cortical walls, with a view to 
following surgically the course of the septic infection from 
the point of its otitic origin inward. For this purpose the 
tympanomastoid exenteration is the most effective pre- 
liminary operation, and the location of intradural abscess 
of otitic origin by direct infection through the dura, as 
contradistinguished from the brain abscesses of indirect 
infection through tlie medium of the circulation, as in 
septic thrombus of the sinus for instance, is, in the cere- 
brum, directly over the tegmen tympani and tegmen antri, 
and in the cerebellum, above and behind the tegmen tuas- 
toideum and posteriorly to the mastoid sinus wall, the 
extent of the abscess cavity being mechanically limited 
by normal resistant brain atnictures and by its own in- 
closing wall of inflammatory origin. 

While usually single, the brain abscess of direct intra- 
dural infection is occasionally multilocular, the evacuation 
of an abscess, with persistence of the locally evidenced 
intracerebral pressure symptoms, being followed by spon- 
taneous rapture of the inclosing wall of a second abscess 
cavity, or, surgical penetration of the wall, which offers a 
distinct sensation of resistance to the touch, liberates and 
permits another flow of pus. The abscess contents vary 
considerably macroscopically from a thin fluid mixed with 
brain detritus, in more acute cases, to a thick, greenish, 
malodorous fluid in cases of longer persistent abscess, tlie 
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lentftti of dme daring which, an inmuiiiraL afasiwsB 
<»ciRt without cansing other than mild s&ptisi ^ympbrnitf 
hftiiu[ dftp«tuieiit upon its location and the gffnwal anti- 
toxic reiiiatant capamtv of die individnaL 

Tn any oaae of immediate. LntradnraL or temote bram. 
ahfuv>9M the opening made into its i^avity- should be Ixrse 
enongh to provide for free mechaniti^ ijiainage and to 
permit am»a for subsequent obnenration. The Lympfaioid 
ent^apmlation .should be diaturbed as little as posable co- 
in«ndent with free oiearanne of il3 interior, and poasace 
of its /wntenta outward should be favoreii by the intzo- 
dw^ion of a soft - rubber fenestrateii lirainage tube or 
wicfea of loonely rolled gau2e. The immediate, intradural 
ahm%iw being more annessible than the remote, may be 
treated mu^h after the fa.«hion of its often contigiioas 
neighl^for, the extradural abecess. and ijealt with as a pro- 
longation of the mastoid or epitympanie ovity. this reser- 
vation, however, being always bad in mind, that its ulti- 
ffiHU; wall is a limiting provision of tissue change, not a 
normal jiTfidmd, that it is readily invasionable. and that 
tieyowJ it tlie healthy brain tissue, with its intimately 
anast^mKising circalatory system, affords a ready medium 
for tbft tran.slation of negative products. 

In addition to provision for drainage, lavage of the 
fi)mf(:HH ravity with warm normal salt solution, under 
Hligbt f>n;HHure, should be practiced at the daily dressing, 
iinU'HH contraindicated by the intervention of inunediate 
t;r»'HHun! symptoms or the existence of symptoms of cere- 
ral irritfition. 

Tli(; ultimate isHuc in cases of immediate intradural 
\mc('m, ill which neither meningitis nor encephalitb has 
.iiHucd, huH Ixsen fortunate in a sufficient number of cases 
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to demonstrate the process of repair in a gradual contrac- 
tion of the abscess cavity, the supplanting of its lymphoid 
encapsulation by healthy granulomata, the reparation of 
the perforated dura by fibrous scar tissue, and the partici- 
pation of the former abscess cavity in tlie granulomatous 
closure of the mastoid wound. 
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ADVENTJTIOLS AURAL SLRGERY 

ADENOIDS 

Sisc'K tlie organ of bearing is the elianDel tfarongfa 
wLlch, i^reemiDently, in (.'hildliood the stitnnlus to mental 
development comes from the outer world, a fact of whidj 
we have ample evidence in the results both of physiologi- 
cal exjierimeDt and clinical exi^erience, and since the 
{enlargement of Luslicka's glands is a disease of child- 
hood particnlarly, tliough its consequence may continue 
through adult life, a recognition of the relation which 
tliiH disease bears to the hearing power is of great im- 
((ortance. 

Pathology of Adenoids and Adenoid Deaf- 
ness.— The pharyngeal tonsil, or tonsil of Luschka, is a 
collection of lymphoid tissue in the mucous membrane lin- 
ing the vault of the pharynx, normally limited to a small 
area at the junction of the posterior pbaiyngeal wall with 
its roof, but occasionally so extensive as to cover the vault 
and entire space between the mouths of the tympanophar- 
yngeal tubes. Microscopically, this so-called tonsilar tissue 
differH from the neighboring mucous membrane of the 
nose and phar>'nx only in its greater thickness and pre- 
ponderance of IjTiipboid cells and glandular elements; it 
is a lymphadenoid tinsue that has developed in embryonic 
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macoQS memlmie tfaron^ tbe acramuladon of lympho- 
cytes in its fibriUated conneetiTe-tiasiie layer. 

The normal teaideocy of this hmiphoid tissue is to 
tmdergo atrophy as the age of puberty approaches, bat, 
through the existeDce of a lymphatic diathesis or the oe* 
currence of somv provocative irritation, a proliferative 
hniphadeDoid growth may be precipitated, and there 
results tbe formation of the so-called adenoid vegeta- 
tions. On set-tion these growtljs exhibit an irregular 
series of hTrijih nodes in an embryonic eonneptive-t issue 
retiealnm, the latter being qnite vascular, while the 1™- 
phatic masses are fioorly supplied with blootl vessels. 

The presence of adenoid growths in the nasopharynx 
affects the organ of hearing and its function inoiuly in 
two ways — by interference with the ventilation and with 
the blood supply of the middle ear. To clearly review 
the manner of this interference it is well to consider the 
means provided for continuing a definite supj»ly of air in 
the middle ear and for maintaining a just balance of the 
arterial and venous circulation in that part of the organ 
of hearing which suffers most immediately from the fill- 
ing of tlie nasopharyngeal cavity and consequent closure 
of Uie tymi>anopharj'ngeal tube. This passage, which is 
both drain and ventilating shaft, is in tlie child both 
shorter and wider than in the adult, its tympanic orifice 
is comparatively large, but the pharjTigeal orifice is indi- 
cated only by a slight depression or fissure in the lateral 
Ita^pharyngeal wall, and the posterior prominent portion of 
^^the tube which forms a decided projection iu the adult is 
either wanting or is hardly noticeable. The former of 
these anatomical conditions, as is evident, favors rapid 
recuperation after restoration of patency of the tube, and 
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of the sibi]ADt^ tbere m man or less hmck pirssure, 
pneoniatic pressure, in the plmTiix and n&^ottharvnx, 
while with all the Inck eonsounts, so caDed, there is in 
addition a very strong and derided muscnlar txtntraotion 
of the soft palate. In addition to these more Sirtive pro- 
visions for this purpose, namely, swallowing, speaking, 
crying, and the nmnerons coordinate museolar movements 
of the tliroat, there are the passive movements of tlie soft 
palate and the changes of air pressure in the middle ear 
which occur during sleep with each rcspiratioD. 

With the presence of a growth in the nasojiharynx 
this admirably working mechanism is interfered with, 
and, even if the growth is not solBciently large to occlude 
the faucial orifices of the tubes, it interferes with the jwla- 
tal movements and with the projier balance of air pressure 
in the nasopharynx, and is inevitably productive of in- 
jury to the ear ; the result of the decreased air pressuit; 
being the production of a partial vacuum in the middle 
ear, with its consecjuent train of congestion, swelling of 
the mucous membrane, and trophic changes, of greater or 
less ]jeniianency, according to the duration of the abnonnul 
condition. That it is not necessary that the growtli should 
be a large one to influence the ear is shown by the effect 
which a small growth has upon the prommnation of all 
the nasal consonants; that is to say, upon the palatal 
movement. Where the growth is large and exerta con- 
siderable pressure on the walls of the nasoi>liar\'nx, there 
is, in addition to the consequences already mentioned, an 
etTect directly upon the blood supply of the tube and mid- 
dle ear by interference with the return of the blood from 
the tympanum through the tubal into the lateral pi laryn- 
geal veins. A portion of the blood supply to the anterior 
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and superior portioos of the tympasJc carity and to the 
mnnbraoa tympani comes through a small artery nm- 
Dtng along the upper wall of the t3rtDpai!opliaryiigeai tuW. 
the blood so supplied being returned in part through 
veins running sujuerficiallv downward in the tubal moeous 
membrane. Mechanical |>ressDre oo the lateral pharyn- 
geal wall in the neighborhood of the tubal orifit-e may 
tlierefore result in a blood stasis in the middle ear and 
the consequent clinical phenomena of congestion of the 
mucous membraiK!, progressire rarefaction of the air 
in tlie tym[)anic cavity, and retraction of the membrana 
t>inpani. 

Diagnosis (Local and General Symptoms). — The 
symptoms indicating the presence of adenoids vary in 
degree according to the length of time the air tract has 
been obstructed, for the immediate and remote effects of 
adenoid vegetations depend chiefly ujwn the niecbnnical 
obstacle which they oflFer to the jiassage of air tlirough 
the natural respiratory channels. Inji»erfe<'t nasal respi- 
ration in the child means imperfect health and inijierfect 
development, witlj the danger of permanent structural 
changes lieing induced in the middle ear and iu other 
parts of the body. The first symptom to attract atten- 
tion is that of difficult breathing, esjiccially at night. This 
may be noticeable in verj' early infancy, even shortly 
after birth in some instances, and where an abnonnal 
amount of IjTiiphoid tissue is present congcnitally the 
child usually nurses with great difiRculty. Older children 
develop the forced habit of mouth breathing, and this is 
arconipanicd by the more or leas constant coudition of 
naKopliarj ngitis or liy repeated attacks of " cohl in the 
head." The facial expression of a child with adenoids 



ADENOIDS 



288 



is eharacteristic. The inoutb bangs partly open, there is 
a dull, heavy look about the eyes, an air of inattention to 
or lack of interest in its surroundings, and a general ap- 
pearance of stujiidity. Taken with the history of snoring, 
tliis appearance generally means obstructed respiration, 
and, in children, obstructed respiration not associated 
with acute inflammatory disease, almost invariably means 
a postnasal growth; hypertrophied turbinates or other 
growtlis in the nares proper being uncommon in child- 
hood. 

Ins|iection of the cavity of the mouth will usually re- 
veal a high palatine arch, so marked in many cases as to 
be a defonnity. The soft palate looks thick, and often 
seems to be bulged forward and immovable. Enlarged 
follicles are often seen on tlie posterior pharyngeal wall 
and the faucial tonsils are very apt to be simultaneously 
hypertrophied. Where the condition has been one of long 
standing there may be remote evidences of impaired nutri- 
tion — that is, the 3'outh is frail and ill-nourished in ap- 
pearance, perhaps below the average in height or weight, 
and the chest is thin and flat, with deep depressions of 
the intercostal s]>aces, making the ribs apjiear unusually 
prominent. With this arrested develojnneut there may be 
a variet>* of symptoms arising from an insufficient supply 
of air, such as headache, lassitude, inability to study or 
to do anything requiring mental concentration, and occa- 
sionally more severe reflex disturbances, such as nausea, 
vomiting, and melancholia. 

The train of aural symptoms which come from the 
presence of adenoids is such as would result from inter- 
ference with the normal ventilation and nutrition of the 
middle-ear t ract, and are more or less j>erumnent, accord- 
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ing to tlie duration and size of the adenoid growths. In 
tlie earlier stages, when the growth is small, the ear is 
noticeatily affected only when, in addition to the bulk of 
the growth in the nasopharynx, there is added the en- 
croachment upon the space of that cavity hy swelling of 
the tnuoous membrane, accompanying so-called head colds. 
As the growth increases, less and less swelling effects the 
deleterious puiiiose, and the inten'als of freedom from 
impaired hearing, nocturnal earache, and subjective noises 
in the ears become shorter and more rare. In the mean- 
time changes are taking place in the structures of the 
middle ear which are more or less pennanent; the pre- 
ponderating atmospheric pressure on tlie outer surface of 
the meiidjrana tympani pressing that membrane inward 
and allowing the relaxed tendon of the museulus tensor 
tympani to contract and hold tlie malleus, and with it the 
membrana tjiupani, in its abnormal position tends, as 
does also the thickening of the mucous membrane, to jier- 
manently impair the mobility of the sound-transmitting 
mechanism of the middle ear, or, imjiairment of nutrition, 
lowering the vitality of the delicate tissues in the middle 
ear, favors the setting up of an ulcerative and suppura- 
tive process under the necessarj' additional provocation. 

In reference to the aural symptoms, tlien, the cases 
may be divided into three classes. The first includes 
those in the earlier stages of the adenoid growths, which 
have had occasional earache and the occasional impair- 
ment of hearing apparently readily referable only to 
what is called a head cold. These children have very 
variable hearing, are frequently accused of inattention 
and disobedience, and are either too young to know or 
have too slightly noticeable an impairment of hearing to 



ADENOIDS 



295 



appreciate that their derelictions are sins of the flesh and 
not of the spirit. In the second class are the more ad- 
vanced cases, in which, the preliminary stages being 
passed, the impairment of hearing and- the structural 
changes have become recognized as fixed facts, the ira- 
pairaient of hearing in some of these cases being so great 
and so jjersistent that the child is regarded either as a 
deaf-mute or even as idiotic, the well-known effect of 
obstruction of the hearing upon the mental development 
favoring the latter supposition. To the third class be- 
long those cases in which suppurative otitis media is a 
result of the disease in the nasopharynx plus some local 
exciting cause, or is merely a coincident. 

To be certain of the presence of adenoid vegetations 
in the pharynx the posterior rbinoscopic mirror may be 
used and the pharjTigeal vault inspected under illumina- 
tion, or the examiner may gently pass his forefinger up- 
ward behind the soft palate and explore that space by the 
sense of touch. The growths will be felt as soft velvety 
masses, which bleed readily ; the difference to tactile sense 
between a smooth wall of the normal pharynx and one 
blocked with vegetation being bo marked as to leave little 
chance for error. With regard to the amount of this 
overgrowth of glandular tissue that may be contained in 
the nasopharyngeal cavity, it can only Ije said that it 
varies greatly ; sometimes where but few symptoms have 
been present enormous masses can be seen and removed, 
while, on the other hand, in not a few instances a very 
small amount of such lymphoid tissue will cause the most 
pronounced symptoms. 

Prognosis. — Not to appreciate the importance of 
promptly removing adenoid growths, or to neglect their 
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proper treatment, is to invite possible complicatioDs aud 
troubles for tbe future. 

The part that this lymphoid ring plays as a portal of 
entry for general infections has not always been fully ap- 
preciated. It has been demonstrated that tbe vast major- 
ity of retropharyngeal abscesses occur as the result of 
bacterial invasion through this tissue, and it is highly 
probable that the tubercle bacillus and the productive 
agent of tbe exanthemata frequently gain admission in 
this way. It is fairly presumable that the function of tbe 
pharyngeal lymphoid ring is similar to that of the faucial 
tonsil and that it possesses phagocytic (iroiierties differ- 
ing only in degree therefrom. Lacking the capacity to 
destroy large numbers of bacteria that may be deposited 
upon its surface from the inspired air, it is more readily 
susceptible to their influence, and because of its close 
communication with the general lymphatic system, any 
infection of this tissue may be <|uickly followed by 
general systemic disturbance. The bacterial resist- 
ance power of the pharyngeal tonsil is still further 
diminished by the mild, chronic inflamnmtory process 
which accompanies its enlargement, by the effects 
of cold and of dampness, and by the influence of low- 
ered vitality; conditions under which any by^iertrophied 
lymphoid tissue offers a favorable nidus for iufective 
organisms. 

It is a useless expenditure of time and of nervous 
energy on the part of the patient to attempt to reduce 
these growths by local applications. Prompt and com- 
plete extirpation is tbe only reasonable fonn of treatment 
"Without operative help the child is reasonably sure to 
suffer with chronic nasopharyngitis and middle-ear dis- 
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ease, if not to become the victim of abnormal development, 
mental as well as physical, whereas au operation restores 
a permeable air tract at the least, and in the majority of 
cases produces gratifying results in improvement of hear- 
ing, in change of facial expression, and in rapid advance 
of the child toward a normal development. In the group 
of cases showing an associated suppurative otitis it will 
very frequently be found that the latter affection will 
resist treatment until the adenoid vegetations have been 
removed and the i>atency of the tympanophaiyngeal tube 
has been reestablished. 

Ttie dangers attending adenoidectoiny, per .vp, are a 
negligible quantity. Muvh has Ijeen said concerning the 
advisability of operating with or without an anaesthetic, 
and stress has been laid by some writers upon the in- 
creased risk to life attending the administration of gen- 
eral anaesthesia in this oiwration. There is no gainsaying 
the fact that when ojjerating under antestbcsia the rislvs 
of the particular anaesthetic used are added to those of 
the operation itself, but when we consider the mental and 
physical tm-ture inflicted upon an average child by such 
an oiieration without general ana:>sthesia, the mentjd shock 
being sometimes of lasting effect, it seems only humane 
to recommend that the operation should be done xmder 
general ana'sthesia as a rule, and only in exceptional in- 
stances under local anaesthesia or without any anaesthetic. 
The completeness of an oiieration deliberately iwrforrned 
upon a quiet patient, as compared with the more or leas 
incomplete and unsatisfactory operation that must be done 
hurriedly upon a struggling child, is another strong 
argument in favor of operating upon these cases under 
anjBsthesia. 






'', Of .' . .' V . \ - -'^ i-T- -lu"* become 
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satisfaction. Perhaps the operation may be described in 
two words as complete curettage. It has long been 
recognized that the attempted removal of adenoids by the 
Lowenburg or Hooper forceps, or any similar instrument 
alone, is apt to be incomplete and to be followed by re- 
furi'ence of the growth. If curettement be jierfonned 
with the Gottstein, or some adequate modification of that 
curette, and the details of its performance be carefully 
attended to, successful reduction of tbe mass is almost 
certain and recurrence is exceedingly rare. One appli- 
cation of the curette is generally quite sufficient to remove 
the entire adenoid, whereas with the forcepn atone, be- 
cause of the impossibility of grasping the whole mass at 
onee, freijuent bites must be taken off, and there are 
chances of leaving portions to serve as a basis for repro- 
duction. With a very large growth, one reaching ante- 
riorly beyond the mouths of the tympanopharyngeal tubes, 
a special curettement of tlie lateral walls or secondary 
use of the forceps immediately after the central curetting 
may be required, but if the proper curette for the case 
in hand has been selected originally this will rarely he 
necessary. 

In the choice of a curette the contour of the cavity to 
be scraped should be borne in mind; it is desirable to 
remove all projections from the nomial level of the roof 
and the posterior and lateral walls of the pharynx as far 
forward as the posterior cartilaginous borders of the 
tympanopliaryngeal tubes, and for this purpose an instru- 
ment should be chosen the blade of which is approxi- 
mately as long as the pharynx is wide, and whose 
cutting edge is directed away from the operator and 
slightly upward when the instrument is held horizon- 




not a matter of grave iiuportance, although difTerent oper- 
atoi-s eutbitsiastit-alhr a<lvocate one method or another. 
Some prefer to have the child held erect, sitting in the 
tap of an assistant, others place the ehiM on its side apon 
the operating table, with the head near the table edge or 
even hanging over the edge, while still others find that 
they can operate ijuite as satisfactorily with the ciiiM 
lying u(ion its hack Qpon the table. The gist of the 
matter is, that if the following points be attained, the 
method may be a matter of indifference : that is, the bead 
must be held firmly and coutrollabbr in an rmroovabte 
position, permitting ekar illnminatioii of the throat, and 
it most he possible to rapidly throw the head fonmrd. or 
to tmn the head and elevate the body, as sotHi as the cat- 
ting is accomplished, in order to favor the 1km frf Uood 
from the nose and month and pi^vent it from 
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Operation.^ — When the patient is fully anjpsthetized, 
the assistant grasps the head firmly with one hand on 
either side and holds it immovable, with the cliiu slightly 
elevated. The operator inserts the mouth gag, depresses 
the tongue and, passing the curette carefully behind the 
uvula and soft palate, first draws it forward until it im- 
pinges upon the posterior border of the vomer, then, 
pushing strongly upward and backward, so as to kee]) 
the blade at all times pressed firmly against the iiharyn- 
geal wall, sweejis the instrument through the arc of a 
quadrant whose radius is an imaginary line from the 




Fto. 32. — niu.-.iraliiig the proper method of pprforming o'lcnoideclomy with the 
ctirettc, Uoltcd line showing the course the blade should travtrso, 

Junction of the pharyngeal roof and posterior wall to the 
tip of the uvula. The all-important feature of the opera- 
tion with the curette solely is that if the instrument is 
thrust upward and backward immediately after it has 
passed the uvula, it is quite possible to leave a consider- 
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able mass of IjTopboid tissue in the anterior part of the 
vault, or if the handle is drawn outward until the vomer 
is felt and then is foreed backward without the upward 
pressure, it is almost sure to cut through a portion of the 
mass and leave a layer of vegetations attached to the 
roof. The success of the oj)eration depends upon com- 
plete removal of all the jirojecting hinphoid tissue, and 
this can only be brought within the range of the knife by 
introducing the blade gently behind the soft palate, hug- 
ging the posterior edge of tlie nasal septum and the vomer, 
and then forcibly adliering to the walls of the cavity as 
the blade sweeps the vault. (Fig. 32.) Once the begin- 
ner has learned the importance of this rule be has made 
the eomi)lete adenoid operation a very sinijile procedure, 
and only rarely will he have occasion to follow the curette 
with an application of the forceps or of the smaller 
curettes adapted to the side walls. If the forceps are to 
be used as preliminary to curettage, the uvula and edge 
of the soft palate should be drawn forward by means of 
a blunt book or flattened palate retractor, the forceps 
passed upward, opened, pressed upward to the pharyn- 
geal vault, then closed and withdrawn with a slight twist- 
ing motion. 

Immediately upon withdrawal of the knife the ])atient 
should be quickly turned upon the side, with the bead 
over the table edge and the body elevated so as to favor 
the exit of blood from the mouth and nose ; or, if the jMi- 
tient has been held in the erect position, the holding 
assistant simply bends forward with the child. Hemor- 
rhage is usually quite free for the moment, but under 
ordinarj' circumstances soon ceases, and the child may be 
placed back upon the table or upon a couch. A nurse or 
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assistant should watch the patient carefully for a few 
minutt'S, however, to prevent any accumulation of blood 
in the mouth or nares and to promptly turn the child over 
should nausea supervene. In the event of protracted 
hemorrhage, gauze sponges, held in volsellum forceps, 
should be used to cleanse the cavity and to make pressure 
against bleeding points. There are no largo blood vessels 
in the nasopharyngeal cavity to be wounded, and it is 
characteristic of the bleeding from these growths that it 
ceases completely in a few moments. The blood does not 
come with a gush, but trickles slowly downward over the 
posterior pharyngeal wall or makes its exit through the 
nose when the head is bent forward in the sitting position, 
and that which is not sponged out or which accumulates 
because the jiatient has not been turned or bent forward 
quickly enough after the cutting flows into the stomach, to 
be vomited later, 

SUBCUTANEOUS AND INTRAVENOUS INFUSIONS 

General CoNsmERATioNS.— The subcutaneous in- 
jection of normal saline solution for various purposes 
is a well-i*ecognized therajjeutic measure, and numerous 
reports of experimental and clinical obser\'ations made in 
the last few years seem to indicate that direct intravenous 
nietlication may become, in the near future, a useful aux- 
iliary In the fight against sepsis. The otologist seldom 
encounters a severe hemorrhage and rarely has occasion 
to consider the replacement of large amounts of body 
fluids by infusion, but, while some of the most brilliant 
results accredited to saline injection have been noted in 
cases of surgical shock accompanied by great loss of blood, 
it has nevertheless a large field of usefulness even in spe- 
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dal surgery. As a cardiac and vasomotor stimulant in 
cases of postojierativc sbook without liemorrliage it is of 
great value. Id cases of cardiac depression, before or 
during oj>eration, attending severe local or systemic in- 
fections it may i>rove a worthy aid to the surgical treat- 
ment. Bloodgood has stated ' that " in all grave surgical 
infections, es{)ecially with streptococcus, routine subcu- 
taneous infusion three or four times in twenty-four hours 
is a very important aid in carrying the patient through 
the critical lieriod." Finally, whenever a weak or debili- 
tated jjatient has Ijeen kejit under ana'sthesia for a pro- 
longed period of time, a subcutaneous infusion of saline 
solution will assist very materially to restore the normal 
tone. In addition to replacing the tluids lost by glandular 
secretion and liemorrhage under these conditions, it stium- 
lates the kidneys to a proper- activity and allays, in part 
at least, that distressing nausea and thirst which so often 
follows the taking of an aniestlietic. 

Intravenous infusion is employed to-day almost 
solely as a means of combating septicjemia, It is a need- 
lessly radical operation to secure the results above out- 
lined as obtainable with the use of subcutaneous injections, 
and hence is to Ije reserved for the conditions that can- 
not be met by the sim]>ler method. As yet no very satis- 
fartorj' results have been obtained through the agency of 
antitoxic serums for the pyogenic diseases, and until such 
time as the laboratory' may provide antitoxines for 8|>e- 
cific infections it is justifiable to attcn)pt neutralization 
of toxines in the blood of a septicfPinie patient by the 
intravascular use of chemical or physiologic antidotes. 



' Progratsive Medicine, December, 1900, p. 114. 
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Altbougb iiiufli work has been done experiraeutally and 
diuically in this Hue, it is not yet possible to deteraiine 
accurately tbe indications for tbe employemnt of any 
of tbe various substances injected intravenously nor to 
define tlieir action in producing tbe good results occasion- 
ally obtained. 

Tbe original suggestion of intravenous infusion for 
tbe cure of systemic infection was based ujion tbe idea of 
wasbing away or diluting tbe toxic products in tbe blood. 
Tbe introduction of a quantity of normal saline solu- 
tioHj particularly if a small amount of blood is first ab- 
stracted, bas tbe eflfeet of directly diluting the poison 
and of indirectly aiding in its removal tbrougb tbe stimu- 
lation of excretion by promotion of diuresis. Wbetber 
better results can he obtained by tlie intra venons use of 
saline solutions than by the subcutaneous injections is 
still an ojMJU question. Experimentation witli various 
strengths of saline solution and of solutions containing 
other salt.s than sodium chloride, to more nearly approxi- 
mate tbe cbemica! constituents of blood serum, seems to 
have demonstrated that the so-called normal saline solu- 
tion (0.6-per-cent solution of sodium chloride in sterile 
water) is not the safest and best fluid for intravenous use. 
When used subcutaneously tbis solution is altered in its 
passage through the lymphatics and tissues by an inter- 
change of fluid and solid constituents with tbe natural 
salts and fluids of the body, so that by the time it reaches 
tbe blood vessels it is in chemical harmony with the serum. 
If it be introduced directly into the veins, however, a so- 
lution of tbe single salt of this strength exerts a destruc- 
tive influence upon tbe red blood corpuscles. In tbe effort 
to overcome this defect many combinations of the sodium, 
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calcium, and potassiam salts, in varying strengths, have 
been tried. A solution of sodiuni chloride of 0.9 per cent 
is more nearly isotonic witk tlie normal blood, and to 
this a small jiercentage of the chlorides of calcium and 
potassium may be advantageously added, as suggested by 
Ringer. The physiological exiieriments of Dawson ' have 
shown, however, that Ringer's formula contains too large 
a proportion of calcium chloride to make it safe for uni- 
versal use, and that the following modification of that 
solution would seem to meet all the requirements: 

Sodium chloride 0.90 

Calcium chloride 0.01 

Potassium chloride 0.01 

Distilled water 99.08 

100.00 

As this solution answers equally well for subcutaneous 
use it may well be kept as a stock physiologic salt solu- 
tion as distinguished from the 0.6-i>er-cent solution of 
sodium chloride, which can still be employed for general 
use, such as irrigations and cleansing purposes. 

Following close upon the idea of lavage eanie, very 
naturally, attempts to meet the bacteria or toxic sub- 
stances with some bactericide or active antiseptic. Fore- 
most among the agents reported as successfully cuqiloyed 
in this way have been nucleic acid and the silver salts. 
The colloid prejiaration of silver, known as Collargol, 
has been enthusiastically recommended by Crede, who be- 
lieved that its action was that of a bactericide. The value 
of nitrate of silver in intravenous infusion was demon- 



' Ama-. Jour, o) Physiology, May 1, 1900, vol, iv. 
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Btrated in a series of eases reported by Hume. Crede 
advises the intravenous injection (by the " closed " method 
or the insertion of the hypodennic needle through the 
skin and directly into the lumen of the vein) of 4 to 6 cc. 
of a two-per-cent solution of the salt in sterile water. 
Hume employs a t'reshly prepared ten-per-cent solution 
of nitrate of silver and dilutes this by mixing 1 c.c. with 
1,000 c.c. of sterile water {each 100 c.e. of finished solu- 
tion containing 10 mgm. of silver). Of this solution he 
injects from 300 c.c. to 500 cc. as a dose. Issaeff and 
Salierin suggest the use of a two-per-cent solution of 
neutralized nucleic acid in normal salt solution and the 
injection of 50 c.e. as an average dose. 

Nearly all workers with these solutions, except Crede, 
consider that the beneficial action is the result of changes 
in the blood cells and not due to any bactericidal proper- 
ties. They all agree that an increased leueocytosis is the 
most prompt and constant effect of the infusion, and that 
unless such a response is met with no improvement is 
likely to follow this or repeated injections. The imme- 
diate effect of tlie infusion of silver is frequently a dimi- 
nution in the number of leucocytes, but within a few hours 
a marked change takes place and a pronounced hyperleu- 
cocytosis result. Hmiie ' advances the theory ttiat in this 
primary destruction of the blood cells, for the red cells 
participate in the decline in number per cubic centimeter, 
some antibodies are set free, which increase the bacteri- 
cidal power of the blood, and that in the great increase 
of leucocytes which follows a new army of fresh cells is 
provided to do battle with the remaining foe. The pro- 

' New Orlearu Med. and Surg. Jour., Octol^er 1904, p. 337. 
91 
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tective value of a leneooytosis in progeiiic infections will 
be ackBowledged without qaestion, and the hypothesis 
regarding the powers of the hemolytic bodies is worthy 
of further consideration. 

Hahn demonstrated long ago that during the stage of 
hyperlencoeytosis the blood of men and animals jiossesses 
a higher bactericidal value than does normal blood, and 
Von Miekulicz raised the question whether artificial 
hyperleueocytosis might not be of value in praetice as a 
projihylactic, setting forth his belief that by anticipated 
mobilization of large masses of leucocytes before the liac- 
tcria that had gained entrance could accumulate in large 
nmiibers, their deleterious influence could lie more easily 
counteracted than if the reinforcement of the leucoc\*tes 
were delayed until the microorganisms had gained a pow- 
erful hold. Up to the present time intravenous injection 
of these solutions have rarely been used until the septi- 
ca'mie patient was lieyond the help of any other known 
remedy, and consequently the percentage of lives saved 
by this means has been small. If it should be proven that 
it is a therapeutic measure having a logical, scientific 
basis, its earlier emj)loyment will l>e productive of more 
satisfactory results. In the meantime, in view of the ex- 
perimental and clinical demonstrations referred to, and 
especially in view of the very grave j>rognosis attending 
Buch cases of sepsis as are met with in connection with 
lateral sinus thrombosis and the cerebral complications of 
suppurative otitis media, we are justified in resorting to 
infusions nmcli earlier than has been the custom. SuIjch- 
tiineous infusions may be given even before surgical in- 
tervention niid continued later without danger ; and, should 
the symptoms of sepsis persist after the oi)eralion and 
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the patient show no marked signs of improvement, an 
intravenous infusion of silver should be tried, without 
waiting for evidences that the patient is in extremis. 

SuBcuTAKEous Method. — A graduated irrigation bot- 
tle, several feet of soft-rubber tubing, and an ordinary 
aspirating needle constitute the instrumental outfit. Ster- 
ile normal saline solution seems to be satisfactoiy for 
injeetion under the skin, although the suggested modifica- 
tion of Iiinger's solution is, seientificallj speaking, more 
desirable. It should be heated to a temperature of 100" F. 
for use. The entire apparatus should be sterilized by 
boiling, and the sohition transferred to the infusion bottle 
only when the operator is ready to employ it. In hos- 
pitals the solution and apparatus can be kept sterile in 
readiness for emergency, and no delay need be experi- 
enced save the time required to heat the fluid. 

Aseptic prejiaration of the skin at the site of intended 
puncture is to be made as carefnlly as before any other 
surgical procedure. Some region where there is an abun- 
dance of loose connective tissue and good vascularity 
forms the choice location for such an injection, since it 
will accept a considerable quantity of fluid without pain- 
ful pressure, and systemic absorption through the lym- 
phatics will be most rapid. For these reasons the axilla, 
retromammarj- tissue, abdominal wall, outer surface of 
the thigh and lumbar region are most frequently chosen, 
and when it is necessarj' to give rei»eated injections such 
spots may be used alternately. The needle should be 
plunged through the skin into the subcutaneous areolar 
tissue over or between the muscles and the solution al- 
lowed to flow slowly by gravity, the reseiToir being ele- 
vated twenty or more centimeters above the patient, until 
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is affofded hy 

the fin Miff' ai m mtOh timm^ the PomUt iioiKterile 
deep bjret* of tke dia before qitoaiag flie reiii. A small, 
aligiitljr cDnred c|mb ffw^. vitb a blunt ^mootb end, 
mar be used. The tmrgim of its opening slioald be i)er- 
feetly smootli and the eitrCTnity slightly bulboos, to pre- 
vent slifijiin^ of tlie ligature. 

Any uaijerfidal vein of sufficient size, preferably on 
the arm or leg, may be selected to receive ihe injection, 
and by ujiplying a bandage tightly on the proximal side 
tin* veHHCfl f-an be made to stand out more prominently. 
Having aseptifully t-leansed the skin over this area and 
secured local aniesthetization, an incision is made parallel 
with the course of the vt?in so as to expose it for a length 
of 2 to li cm. Two catgut ligntures are passed around the 
vciti, (itic nt ciIIkt end of the exposed portion, and tlio 
di»tnl niic tied. A smtill out is then made in the vein to 
iidmiL the caunulii, which should be introduced with the 
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transfusion solution flowing — to avoid the entrance of air 
—and the proximal ligature is tied only tightly enough 
to retain the tube in place and prevent escape of blood. 
Removing the tourniquet above reestablishes the venous 
channel, and the infused fluid takes its course toward the 
heart. By varying the height of the reservoir above the 
patient the rate of flow can be regulated to suit the occa- 
sion; in general, the infusion should be made slowly. 
Upon withdrawal of the cannula the ligature which sur- 
rounded it should be tied tightly about the vein and the 
wound in the skin closed and dressed as for primary union. 

LUMBAR PUNCTURE 

Despite considerable experimental work with lumbar 
puncture for therapeutic purposes and the demonstration 
that various remedies may be injected into the subarach- 
noid space without danger, the procedure has not gained 
much favor as a means of administering drugs, but is era- 
ployed almost solely as an aid in diagnosis. Its value in 
determining the existence of meningitis and the character 
of infection is established, and the importance of such 
positive assistance is appreciated when the diJBculties that 
stand in the way of a differential diagnosis between men- 
ingitis and other diseases, especially in children, are re- 
called. Wentworth,' whose careful investigations on this 
subject are deserving of the highest praise, has shown 
that "normal spinal fluid is absolutely clear and free 
from all cellular elements and fibrin," and that " the 
slightest cloudiness present at the time when the fluid is 
withdrawn, and caused by tlie presence of cells in the fluid, 
and the formation of fibrin in the fluid after it has stood 



' Tmna. A mcr, Pediatric Soe., 1896, vol. viii, p. S4. 
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for several hours, are patliognomonic of an mflammafory 
exudation in the meninges, and are never absent in cases 
of meningitis." 

His method of operating is as follows : ' " The opera- 
tion and the subsequent examination of the fluid should 
be as carefnlly performed as any other baeteriological 
investigation, in order to obtain accurate results. The 
back of the patient and the operator's hands should be 
made sterile. The needle should be boiled for ten min- 
utes. The patient should lie on the right side, with the 
knees drawn up, and with the uppermost shoulder so de- 
pressed as to present the spinal column to the ojierator. 
This position ])crn)its the operator to thnist the needle 
directly forward rather than from side to side. An anti- 
toxin needle, 4 cm, in length, with a diameter of 1 mm., 
is" well adapted for infants and young children. A longer 
needle is necessary for adults and children over ten years 
of age. 

" Aspiration of the fluid is not necessary, but some 
operators prefer to attach a hypodermic syringe to the 
needle to afford a better grasp for the hand. In this case 
the syringe would have to be detached to allow the fluid 
to flow. The additional uiauipulatiou, and possibly the 
defective sterilization of the syringe, might impair the 
value of the subsequent liacteriological examination. 

" The puncture is generally made between the third and 
the fourth lumbar vertebra>, sometimes between the sec- 
ond and third. The thumb of the left hand is pressed 
between the spinous processes, and the point of the needle 
is entered about 1 cm. to the right of the median line, and 
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on a level with the thumb nail, and directed slightly up- 
ward and inward toward the median line. Care must be 
exercised to prevent the point of the needle from passing 
to the left of the median line and striking the bone. 

"At a depth of three or four centimeters in children 
and seven or eight centimeters in adults the needle enters 
the subarachnoid space, and the fluid flows usually by 
drops. If the point of the needle meets with a bony ob- 
struction, it is advisable to witlidraw the needle somewhat 
and to thrust again, directing the point of the needle 
toward the median line, rather than to make lateral move- 
ments, with the danger of breaking the needle or causing 
a hemorrhage. The smallest quantity of blood obscures 
the macroscopic appearance of the fluid by rendering it 
cloudy. The fluid is allowed to drop into an absolutely 
clean test tube which previously has been sterilized by 
dry heat to 150° C. and stoppered with cotton. The fluid 
sliould be allowed to drop into the tube without running 
down the sides. From five to fifteen cubic centimeters 
of fluid is a sufficient quantity for examination." 

The desired amount of fluid having been obtained, it 
should be immediately examined to determine cloudiness. 
The teat tube should be held toward the light, and, if 
necessary, compared with a test tube filled with distilled 
water, the presence of even a finely divided seflinicnt being 
thus made appreciable. A perfectly clear spinal fluid will 
not produce a sediment after standing for days, while 
even a faintly cloudy fluid will deposit some sediment in 
a few hours. Cultures should be made upon blood serum 
in cases in which the fluid is cloudy, and cover-glass 
preparations should he made from the fluid and from 
the sediment for immediate examination. If stained with 
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USOefn methylene live the nuclei of the white coipiitliia 
and the bacteria will take up the coloring matter, and Urn 
preBenoe or absence of pyogenk microSiganiBma can Iw 
qnicUy detennined. In meningitis aecondaiy to pnmknt 
otitis media the germs most commonly isolated from Ute 
spinal fluid are the pnenmooooens^ streptococcoay and 
stapbyloooocns aureus. 
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Note 1. — The Value of Paracentesis of ike Membrana 
Tympani in Acute Snpptirative InfiammatioH of the 
Middle Ear. 

Buerkner {Archil- fiir OhrenheHkunde, August, \W4) 
draws the follmving conclusions in favor of tliis procedure 
as cootrasted with tbe occurreoce of spontaneous open- 
ing, based upon his observations in 450 cases, in 300 of 
wbieh be did paracentesis, tbe remaining 150 cases hav- 
ing come to bim after the opening in the drumhead bad 
been spontaneously established. 

Of the paracentesis cases seventy-six \)er cent were 
children and only twenty-four per cent adults. The spon- 
taneous perforations were more common in adults, 
per cent of these cases being children and 36.6 adults, tbe 
reason for this ditference in tbe percentages in tbe two 
classes of cases being probably not so much tbe difference 
in tbe anatomical and pathological conditions as to the 
fact that in children tbe cases are brought to the notice 
of tbe surgeon at an earlier stage of tbe disease. 

In an analysis of 200 paracenteses and 150 spontane- 
ous perforations: Of the former 172 healed within three 
days, there was recurrence of the inflammatory process in 
but 13, and mastoid complication in but 1 per cent; while 

in tbe latter class 135 bealed within three days, there were 

817 
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26 cases of reourreuce, aud 7.4 per cent'of mastoid com- 
plicatious. 

The average duration of the inflammatory process, 
when jiaracentesis was done on the first day, was 7.6 days; 
when done on the second day, 7.9 days; and when done 
later than the second day, 8.6 days. Wlien jierforatioa 
occurred spontaneously on the firet day the average dura- 
tion was 17 days; on the second day the average was -4.7 
days; and twenty-six per cent of the spontaneous jjer- 
foration cases became chronic. 

In the paracentesis cases there was less subse<iuent dis- 
turbance of hearing tlian in the spontaneous oases, the 
proportion in the former being three jwr cent and in the 
latter twelve jier cent. The same advantage was shown 
in favor of paracentesis in reference to the liability of 
recurrence of the disease, namely, but 8.5 per cent, as 
against 20.7 per cent in the spontaneous perforation cases. 

Note 2. — Statistics of House Patients Treated on the 
Aural Service at the Massachusetts Charitable Eye 
and Ear Infirmary for the six mouths ending August 
15, 1904. 

The following compilation, which has been made with 
the view of showing the number and kind of cases of mas- 
toiditis treated at the above institution in the service of 
six months, as stated above, emphasizes ako several 
already established points in the treatment of mastoid 
disease. 

There were admitted to the wards during this time, 
having tenderness of the mastoid, 269 jiatients, ranging 
in age from five months to seventy years. Of these, 152 
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came to operation, while 117 were aborted — cfT about 
forty-three per eent of tlie cases having sjTiiptoms of mas- 
toid involvement escajjed operation. 

Of these 152 operations, 140 were simple mastoids and 
12 were tjTnpanomastoid exenterations. 

Of the simple mastoid ojierations, 116 followed acute 
suppurative inflammation of the middle ear, while IS fol- 
lowed chronic suppurations; 6 cases followed previous 
mastoid operation. 

One hundred cases following acute suppurations were 
without complications; 16 cases were complicated, as 
follows : 



Cerebral abscess 1 

Cerebellar abscess 1 

Sinus thrombosis 1 

Meningitis 3 



Cervical adenitis 4 

Erysipelas 4 

Diabetes 1 

Marasmus 1 



Twelve cases following chronic suppurations were un- 
complicated; (> cases were complicated, as follows: 



Sinus thrombosis (with ligation of internal jugular). 

Syphilis (with facial paralysis)... 

Bronchopneumonia 

Tuberculosis 

Meningitis 

Enteritis 



1 
1 
1 
1 
1 
1 



Two cases were operated upon in which no mastoid dis- 
ease was found. In both instances the patients were sub- 
jects of hysteria. In one case this was complicated by a 
beginning erysipelas, starting over the mastoid process 
and producing redness and oedema in that location, while 
at the same time there was simulation of facial paraly.sis. 
Under these circumstances, while the hysterical element 
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was recognized, tlie other symptoms demanded an explor- 
atory operation. In the other case the presence of head- 
ache, chills, and vomiting, together witti local mastoid 
symptoms, seemed to call for oi)eration, whicli, however, 
went no farther than a sliin incision, the underlying bone 
being found normal. 

Nine of the radical operations were without compli- 
cation ; 3 were complicated, as follows: 

Sinus thrombosis (with jugular ligation) followed by 

leptomeningitis 1 

Cerebral abscess 1 

Facial paralysis 1 



In recording complications in the foregoing cases 
reference has been made only to such complications as 
materially affected tlie course of the mastoid disease, and 
cases of diphtheria, scarlatina, whooping cough, nieasle-s. 
etc., are not noted. 

The value of early interference in the treatment of 
mastoiditis is shown in the statistic of those eases fol- 
lowing acute suppurations. Of these there were 233, 116 
of wliieh were operated upon, while 117 escaped operation. 
In those cases requiring operation, the duration of the 
inflammation prior to admission to the hosjiital averaged 
21.87 days. In the cases which escaped o]>eration, the 
previous duration of the inflaiiimation was 10.68 days. 
In other words, the average acute case which has continued 
but ten days before treatment is applied may be aborted, 
while the average case which has lasted twice tliis time 
will demand operation. 

Regarding the comparative previous duration of mas- 
toid tenderness in operated and unoperated cases, almost 
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exactly tlie same ratio obtained. The average duration 
in the operative cases was 11.76 days, while in the un- 
oi>erated cases it was 5.57 days. 

It goes without saying that many cases of much longer 
duration than these figures would indicate may be suc- 
cessfully combated, and, on the other hand, that it is not 
always iiossible to arrest tlie course of tlie disease, even 
when seen at the earliest possible moment. In one case, 
that of a nurse from a neighboring hospital, the aeute 
inflammation bad lasted bat twenty-four hours and the 
mastoid tendeniess but six hours when she was admitted 
to the house, and yet it became necessarj" to oiierate. 

Another statistical confinnation of a well- recognized 
condition relates to the almost universal occurrence of 
cedenia in the presence of mastoid inflammation, either 
over the mastoid itself (or just below or back of its tip) 
or as manifested by a drooiiing of the inner portion of 
the posterior superior wall of the membranous canal. Of 
the 116 operative cases Just referred to, 110, or ninety- 
flve per cent, presented either sagging of the canal wall, 
oedema over the mastoid jirocess, or a postaural abscess. 
Sagging of the canal, with or without oedema of other 
parts of the mastoid, which may be taken as the most 
conclusive single diagnostic sign of mastoid implication, 
was jtresent 76 times, or in sixty-six per cent of cases. 
CEdema of the mastoid process, either with or without 
sagging, was present in 48 cases ; both sagging and oedema 
(or postaural abscess) in 50 cases. Sagging alone was 
found 28 times; oedema alone, 12 times. Postaural ab- 
scesses alone (for the most i>art of course in cinldren, in 
whom drooping of the canal wall is sometimes diSicult to 
detect) occurred 4-1 tiujes. 
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On tbe other hand, that the absence of a sagging canal 
wall or of cedema may be taken as evidence that the mas- 
toid cells have probably not been seriously invaded is 
shown by the records of the 117 acute suppurative ears 
with mastoid tenderness in which operation was avoided. 
Of these cases liM, or about ninetj"^ per cent, showed neither 
oedema nor bagginess of the canal wall, 2 cases bad both 
bagging and oedema; 2 oedema alone; and 10 sagging 
alone. 

The average length of time required for subsidence of 
mastoid symptoms in those cases unoperated upon was 
5.57 days. 

Note 3. — Description of the Algesimeter, 

The algesimeter has been in use for so brief a time 
and employed upon such a small number of cases that it 
ia impossible to make a very positive statement regarding 
its value as an aid in determining the degree of mastoid 
tenderness. From a limited ex]>erience with it at the 
Baltimore Eye, Ear, and Throat Charity Hospital it may 
be said that it gives promise of being a useful adjunct in 
determining the existence of mastoid tenderness, in map- 
ping out the tender areas, in showing varying degrees 
of tenderness at different points, and, possibly, in becom- 
ing helpful in estimating the progress of mastoid inflam- 
mation and indicating tbe necessity for surgical treatment 

The instrument is a modification of the combined 
piezometer and algesimeter described by Dr, Howard A. 
Kelly in the Johns Hopkins Hofipital BuUefw, Sei>tera- 
ber, 1904, page 293. It consists of a fenestrated cylinder 
in which a slender piston rod moves against a resistance 
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spring. Tbe outer end of tliis rod is capped by a smooth, 
spherical button, and the inner 
end is attaclied to an indicator 
that slides in the fenestrum. 
The margin of the slit in the cyl- 
inder is marked to show the 
amount of pressure exerted upon 
tbe jiiston, being graduated in 
hundreds from zero to two kilo- 
grams. Witli such a device it 
is possible to determine accu- 
rately the amount of pressure 
required to elicit tenderness at 
any given spot. If pressure be 
made with this instrument over 
the antrum or mastoid tip of a 
normal person the full amount 
of poTver it registers, 2,000 gm,, 
will be borne without material 
discomfoi't. In no case of mas- 
toid inflauu nation with which it 
has been used, however, could 
such pressure be endured (usu- 
ally not more than 700), and, as 
far as can be said at present, tbe 
more advanced the mastoid dis- 
ease the less pressure required 
to bring forth a complaint of 
pain. 

A brief history of one in- 
teresting case will suflBee to 
point out the possibilities of the instnnnent. A young 

22 



Fia. 33. — The algcsimefor; an 
iiji^irument for the estimation 
of iniuftoid tendenieas. 
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woman with acute suppurative itiiddle-ear disease of both 
ears, following influenza, was admitted to tlie lioapital with 
fever, pain in and about the ears, and otorrha'a. No 
swelling or redness in the mastoid region. On the right 
side a pressure of 100 gm. over the antium elicited ten- 
derness, 200 gm. produced pain, and 300 gnu severe pain; 
on the left side it required 200 gm. pressure to bring 
forth tenderness, 300 gni. real pain, and 600 gm. such 
pain as to compel cessation of pressure. A double mas- 
toidectomy was performed, both antral cells were found 
to be filled with pus and granulation tissue, and the right 
side was Ute most acutely and extensively diseased. 

Note 4. — The Localizing Symptoms of Brain Abscess. 
Written by Da. George Arthur Waterman, Boston. 

Since brain abscess resulting from ear disease is gen- 
erally found in the temjioral lobe or in the cerebellum, the 
localizing signs of lesions in those regions are of value in 
many cases. 

The right temporal lobe, of course, represents one of 
the silent areas of tlie brain, and small abscesses limited 
to this lobe gire rise to only general symjitoms. While 
this may be true to a certain extent of the left temporal 
lobe and the hemis]iberes of the cerebellum, there are, 
nevertheless, often present, with lesions in Uiese, definite 
localizing signs. 

The characteristic disturbance resulting from involve- 
ment of the left temporal lobe is a sensory aphasia, or 
inability to comprehend sjioken language. The (latient 
is able to express himself, oftentimes fairly well, but his 
inability to respond relevantly to one addressing hini may 
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mislead the examiner to attribute this svmptom to inental 
impainiient, and so overlook a sign of the greatest value; 
am] this mistake is more easily made on accouot of the 
general dullness which is liable to be present. 

If the destruction of tins eenter be not complete, this 
word deafness may not be absolute, and the patient may 
still be able to understand simple and frequently used 
words, while the longer words and more complex sen- 
tences confuse him. 

Allied to this sensorj* aphasia sind frmjuently asso- 
ciated with it is the symptom of word-substitution or 
paraphasia, where the patient miscalls objeets and uses 
wrong words, esi>eeially nouns and pronouns. In present- 
ing this symptom he often coins tiieauiugless tenns or 
may substitute words of another language. 

If the word-deafness be marked, as in complete 
destruction of tlie center or its afferent fibers, the jargon 
used by the patient causes him no annoyance, since he is 
uuublc to detect the lack of sense in his sentences; but 
where the para|thasia is due to a simjile interniptlon of 
the conduction fibers from the auditory centers to Brora's 
convolution, which pass through the island of Heil, tlie 
failure to recognize spoken language is not present, and 
much annoyance may be caused the sufferer by his futile 
attempts to make the phrases express his ideas. In a like 
manner the conduction fibers connecting the visual with 
the auditoiy centers may be involved, rendering the pa- 
tient unable to read aloud properly ; and these 8^^uptoms 
may be present in varying combinations. 

Nicety of localization by the exact degree of sensory 
aphasia has not, up to the present time, however, been 
practical, except that a lesion of the first convolution of 
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the left temporal iobe (in a right-handed individual) 
gives rise to the comijlete fonn of word-deafness. This 
is true of a subcortical lesion destroying the afferent fibers 
as well as of a cortical lesion involving the center itself. 

In addition to tliis it is recognized that lesions in this 
proximity cause incomplete forms of sensory aphasia, 
froiii pressure and involvement of filjers in varying modi- 
fications. 

The extension of an abscess inward from either tem- 
poral lobe may involve the motor fibers of the internal 
capsule, giving rise to jiaresis of the leg, ann, and face 
successively in this order. This is an important sign in 
distinguishing the deei) temporal abscess from the super- 
ficial fonu, which, in extending upward along the surface 
of the motor cortex, involves the projection system in the 
order of face, ann, and leg. 

An abscess of considerable size in eiUier temporal lobe 
may, by pressure or extension downward, cause a paral- 
ysis of the oculomotor nerve of the same side, and thus 
give rise to ptosis, dilated luijiil, and inability to roll the 
eye inward, upward, or downward. 

The optic tract, too, lies in close relation to the first 
temporal lobe, and ]jres8ure on this may cause a hemian- 
opsia, the patient being unable to see objects on the side 
opposite the lesion. 

Abscesses may develop in the extreme lateral portion 
of the cerebellar hemispheres without giving other than 
general symptoms of brain abscess, but as tliey approach 
the median line definite signs beccme manifest, character- 
istic of cerebellar disease. 

In general, cerelwllar abscesses are apt to give rise to 
early and intense signs of intracranial pressure, owing to 
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the development of internal hydrocephalus from obstruc- 
tion to the outflow of ventricular fluid. For this I'eason 
optic neuritis may make its a^jpearance early and develop 
rapidly, while the headache and vomiting become more 
marked than is the case when other parts of the brain are 
diseased. 

The stupor resulting from pressure is a prominent 
symptom in such cases, and frequent yawning has been 
several times observed, although its exact siguiflcance is 
not clear. 

The location of the headache is not, as a rule, a guide 
to the seat of the lesion, since it is quite as often frontal as 
occi]iital. The attacks of vertigo may, however, often be 
of value in locating the lesion, since in cereljellar disease 
tliey are often associated with apparent motion of sur- 
rounding objects, which seem to move from the side of the 
lesion toward the healthy side. 

The staggering in cerebellar lesions is to be distin- 
guished from the general unsteadiness due to increased 
intracranial pressure resulting from tumors elsewhere in 
the brain, for in the cerebellar cases there is apt to be a 
tendency to stagger always to one side. It is true that 
from the direction of the staggering it is not always easy 
to diagnosticate the hemisphere involved, since some pa- 
tients stagger toward and others away from the side of 
the lesion, but this depends upon whether the abscess 
exerts an irritative or a paralytic intiuence on the mech- 
anism of equilibrium. 

Distinct from the staggering but related to it is tlie 
tendency for the patient to incline to the right or left from 
a straiglit line in walking, and this sign is generally better 
brought out by asking him to walk with closed eyes. 
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A coDsiderable ex]>erience in middle-ear oi>erations bas 
led the writer to advise saeh a procedure only as a last 
resort, and the present oi>eration is advocated only in the 
severe form of auditory vertigo, and tlien only when the 
ordinary treatment has proved futile. 

A certain amount of information may be obtained 
from the consideration of the case history and appear- 
ances of each individual case, and particularly on a care- 
ful hearing test For instance, cases showing marked 
thickening of the membrane, marked retraction of the 
malleus, with prominence of the posterior fold, or cases 
where on inspection adhesions can be seen in the tym- 
panum, are more likely to get relief by a simple operation 
(such as Kessel's) or by the simi>le cutting of the intra- 
tympanic adhesions. Cases where the membrane is nor- 
mal in apr)earance and the hearing test shows the trouble 
to be localized about the base plate of the stapes will, in 
my opinion, not be benefited by any kind of operation ex- 
cept the removal of the stapes, and this will be iiartifularly 
difficult, as will be at once seen by a consideration of their 
pathology. Where, in such cases, a low tone deafness 
does not rise above middle C in the musical scale and 
where there is no high-toned deafness or where the upi^er 
tone limit is not Ijelow 20,000 vibrations a second, the 
ojjeration of stapedectomy may be undertaken with a fair 
chance of removing the entire ossicle. Where the upper 
tone limit is below 20,000 vibrations or the lower limit is 
above 512 vibrations, the chances are that the anchylosis 
of the ossicle is so complete that the attempt at its removal 
will be followed by rapture of the crura at their junction 
with the base plate, and, of course, in such cases no benefit 
will result. 
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Note 7. — Hearing Tests as an Aid in Locating Tympanic 

Lesions. 

Hearing tests are used for the purpose of detecting 
and assisting in the detennination of the cause of abnor- 
raalities in sound perception or sound transmission in the 
ear. To be scientifically accurate and commensurate with 
their purjDose they should not only cover the scale limit 
of the sound-transmitting apparatus of the middle ear, 
but should provide for tone combinations and for tests of 
power of accommodation. 

In the ordinary course of clinical observation and for 
practical purjioses elaborate investigation is neither neees- 
saiy nor desirable, and the hearing tests may be confined 
to a limited number of representative sound sources, it 
being advisable that tliese should conform, as nearly as 
may be possible, to some generally accepted standard and 
that their record of test may be made to enumerate the in- 
dividual result as a fraction of a denominational standard. 

In the selection of sound sources for the majority of 
hearing-test jmrposes it is more important that they sliould 
represent, ai)proxiniately, the upper and lower tone limits 
and the middle register than the intermediate portions of 
the normally audible musical scale, and advisable that they 
should conform, as nearly as jjossible, to a uniform stand- 
ard in general use. 

The instruments most commonly used for testing the 
bearing for tones of high pitch are the graduated whistles, 
of which that of Galton is an example, and the steel rods 
of Koenig, the former being actuated by means of a blast 
of air from a rubber bulb, the latter by the blow of a 
hammer striking midway between the loops by which the 
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Fu. 94. — Tbt unp f u Tg J Gallon wliistie. 

WatfheH as liearing teats are open to the objwtjoo of 
the wi*I<! range nf difference between their ticking sonnds^ 
\if>th in pitch and in intenaity; where the watch is used for 
tf-sting imrjnmeH it should be folly wound, held always in 
the same [lottitioti with reference to the hand and the per- 
son of the olisen'er, and should have been standardized 
by ti'»ting the distance at which it is heard by a number 
of nonnal ears, that distance being expressed as the de- 
nominator in making record. 

The diflferences in the tick of watches have led to tlie 
production of various forms of ticking acouraeters, of 
wliich that of Politzer is the simplest and best. This in- 
Mtrument consists of a small steel cylinder struck by a 
steel hammer, botli being mounted in a vulcanite frame. 
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witli ciin'ed end pieces for tlie reeeT»tion of the tluiiiil) jurI 
middle fiuger, the forefingt-r being used to lift tlie ham- 
mer, the fall of whieh, striking the cylinder, gives a 




FlQ* 35. — Politaer's acoumeter. 



sound comparable to the loud tick of a watch, and audi- 
ble to the normal ear at a distance of fifteen meters. 
(Fig. 35.) 

In testing with tliis instrument, as with the watch, the 
opposite ear of the patient should be tightly closed, and 
care should be taken to avoid reflection uf the smnid not 
only from the hand and person of the observer, but from 
objects in the room in which the test is made, and the in- 
strument should be carried away from the ear in a direct 
line, slightly in advance of the long axis of the external 
auditory canal, to a jroint slightly beyond the greatest dis- 
tance at which the tick is heard, and then slowly njiproxi- 
mated along the same line ; the distance at which the tick 
is again heard being measured and recorded as a fraction 
of the nonual fifteen meters. In testing the hearing for 
the tick of the acoumeter by bone conduction in eases 
of a high grade of impairment of hearing for tones 
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aerially eonreyed, or with both ears tigbth* stopped, the 
metal plate ntonnted on a spimfle attadied to the vnlcanite 
frame can be pressed upon the squamous or mastoid sur- 
face of the temporal bone. 

The ears should be separately tested, and the eyes of 
the patient shook] be kept dosed dnring the test as the 
refjeat«d tick of the aconmeter is a sound whidi readily 
leu'bi itaelf to the imagination. 

Watdies and ticking acoometers are used to test rather 
the appreciation of intensity than of pitch in tone percep- 
tion, and are quantitatively recorded according to a meas- 
ured limit of distance at which they are heard. 

AMiistles and graded steel rods are used to test the 
ai»prK'iation of j»itf-h in tone perception, though the whis- 
tl*;, undff detenu inate pressure of its actuating air col- 
umn and with a continuous tone, may be used for intensity 
tests also; but the instrument best adapted to testing for 
tone i^reeption is the tuning fork, because it affords a 
tone of definite musical value, having a definite decrease 
in intensity from the moment it is set in vibration — unless 
constantly aetnate<l, as in the forks kept in vibration by 
an ele<;trie current — and because it can be used in testing 
the hearing fKjwer not only through the medium of the 
air, hilt also through the nie^liuni of the bones of the head, 
tlie stem of tlie vibrating tuning fork in the latter test 
iK-iriK touehed to the teeth or pressed upon the vertex, the 
forehead, or the mastoid process, or elsewhere uiwn the 
iiead. 

The value of the tuning fork as an instrument of pre- 
cisifjn, however, is lessened by the fact that not only the 
intensity of its tone hut also its tone value may be varied 
■aeans and the force used in setting it in vibration ; 
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if, for instance, an ordinary tuning fork is struck upon a 
hard substance, there is immediately heard, in addition 
to the fundamental musical tone which is the eharacteristic 
of that particular fork, a number of overtones stronger 
and sharper in proijortion to the force of the blow and 
the hardness of the substance against which the tuning 
fork is struck ; if the fork is struck against some soft sub- 
stance, the palm of the hand, for instance, the sharp tones 
are not made prominent, and only the fundamental tone 
is heard — var^'ing conditions which in a series of com- 
parative tests afford large margin for error. 

To overcome these difficulties two plans have been 
adopted: one, that of actuating the fork by a blow from 
a hammer falling through a definite space or moved by a 
spring of definite strength; the other, that of affixing 
clamps by means of screws to the tips of the tines of the 
tuning fork, in order, by the additional weight, to de- 
crease the production of the short sound waves of the 
overtones or to damp the overtones of the fork by fasten- 
ing a ring firmly about the lower portions of the tines. 
Both the falling and the spring hammer have been found 
to be unreliable for ordinary clinical work, the latter be- 
cause of the gradual weakening of the spring; and the 
movable clamps, although they possess the advantage of 
penuitting a change of the tone of the fork within an 
octave above its fundamental by moving the clamps up 
and down, are found, in rapid clinical work, to be incon- 
venient. The French fork, which has its tines inclining 
toward each other at the tips and which is set in vibra- 
tion by drawing a stick of wood or bar of metal upward 
and outward between the tines, though convenient, aflfords 
a tone of varying pitch and intensity, according as wood 
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or metal is used and in proportion to tbe rapidity ■with 

which it is withdrawn. 

By waking a tuning fork with thin tines weighted at 

the ends, as reiiresented in Fig. 36, the fork is, of couree, 
^^^^^^=, i)roductive of overtones, and by 

^^^^^H drawing tlie fork through the Angers, 
^^^^^^1 from below upward, the pressure U|>on 
^^^H^H the inclined surfaces of the pro- 
^^^H^H jcctitms forces the ti])8 of tlie tines 
^HI^H together, and tlio release sets them in 
^^■I^H viliratiun with a definite initial excur- 

^HI^H The best standard fork for general 

^H^^H clinical ])urpose8 is the physical C 512 
vibrations; but in order to make reli- 
able tests it is well to have a series of 
forks covering a range of at least five 
octaves, two below and two above the 
^^^^^H tone mentioned. Standard sets of 
forks frji' uuifonu clinical use are now 
obtainable, but some of them are more 
extensive tlian is requisite for ordinary 
clinical work, and ottiers are open to 
the objection of uncertainty in the method of their actua- 
tion. A single fork C 512 v. s. of the kind described, if 
properly balanced, should vibrate audibly to tlie normal 
ear froni forty-five to sixty seconds, and its nonnal aud- 
ible duration uf vibration should be detennined by re- 
peated tests l>efore it is applied to clinical use.* 



Fio. 36,— Tutiiiig fork 
miprovixj tu letMfn 
overtoiiiH mil] to fo- 
tnjrt? vihml ions of 
dpfiwite force. 



' T'' ' ' now made Ity the Han-ard Applianre Shop, are carefully 
teste<i, I pitch and normal duration of audible vibriition, oxid oor- 

•odiiigly marked, before being issued. 
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Id especial tests it is also an advantage to add to tljis 
series a second C 512, which, by the boring of a hole one 
miilittieter in diameter transversely through the tip of 
one of the tines, is adjusted to give beats when sounded 
in conjunction with the standard fork, a means of test 
which is sometimes of value in medico-legal as well as in 
ordinary clinical cases. 

Ill testing with the tuning fork, the tips of the tines, 
in viltration, should be a]>proxiniated closely to the mea- 
tus, but at a sufficient distance to avoid contact with the 
fine hairs with which the skin of this i)ortion of the auricle 
is sometimes beset. After a period of from three to five 
seconds the fork should be moved to a distance beyond 
audibility and again, successively, approximated to the 
meatus at irregular intervals, with the purijose of avoid- 
ing the memorizing of the tone, the decrement in intensity 
of the sound of the fork being greatest in the first twenty- 
five per cent of its total audible vibration. In testing the 
hearing by bone conduction the fork is similarly set in 
vibration, and its butt held gently, but finnly, in contact 
with the teeth, the bridge of the nose, or any other point 
upon the head, either in the median line or laterally, as 
may be desired. 

Bone conduction tests made with the tuning fork are 
either ]iositive with reference to the perception of the 
sound so conveyed, or relative as compared with the per- 
ception of the same sound, by aerial conduction and 
through the transmitting mechanism of the middle ear. 

In the former instance they serve for the gross deter- 
mination of disorders of the sound-transmitting mechan- 
ism of the labyrinth and of the perceptive organ, the 
exceptions being cases where the labj^rinth function is 
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temporarily abrt^ted by intralafayrinthiiie preasnze of 
either intrinsic or extrinsic origin. 

In the latter instance ih^ assist in the differential 
diagnosis between defects in transmission and failnre in 
perception and help toward the localization of the obsfamo- 
tion in the sonnd-transmitting apparatos. 

The various modes of testing, both podtive and rela- 
tive, are usually stated in the literatare of this snbject 
under the names of different observers, but may be briefly 
collated as to their main ix>ints. 

In cases of monaural impairment of hearing, if the 
sound of a tuning fork in contact with the head in the 
median line is heard better in the defective ear, the in- 
ference is permissible that there is an obstruction to the 
passage of sound either in the external canal or the middle 
ear, and if heard better in the normal ear, that the de- 
fective general hearing is due to abnormality of the laby- 
riuthine conducting mechanism or of the perceptive organ. 

The sound of a vibrating tuning fork being heard by 
the normal ear about twice as long, when held opposite 
the meatus, as when in contact with the mastoid, a de- 
crease in duration of perception aerially and a corre- 
s))onding increase in duration of perception by bone con- 
duction, permits the inference that this change from the 
normal relationship is due to abnormality in the sound- 
transmitting mechanism, a lowering of the duration of 
j>or('('i)tion by both aerial and bone conduction permitting 
llic inforenco that the j)orceptive portion of the organ of 
licaring must Imj implicated. 

The clinical appreciation of exceptions to these rules, 
itK'idcnt to pressure abnormalities and to temporary sus- 
liense of function, make tliem only comparatively reliable. 
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and, in differential diagnosis and the determination of 
location of obstructions in tlie sound-transmitting appa- 
ratus, the tuning-fork series must be supplemented by 
other tests and by the objective examination. 

The use of the voice as a hearing test should include 
both speech in the ordinary conversational tone and in a 
whisper, and the choice of test words and of sentences 
should be made with reference to the tone pitch and force 
value of the speecli sounds employed. 

On account of the wide range of tlie qualitative values 
of its component parts and their relative influence upon 
each otlier in a spoken sentence, the speech test, as contra- 
distinguished from tests with such instruments of pre- 
cision as whistles and tuning forks, should be regarded 
as comparative rather than as absolute, its value consist- 
ing especially in the fact that the perception of human 
speech is, practically, the most important use of the organ 
of hearing. 

Ordinary human speech has an average range of about 
eight octaves in the musical scale, the deep-toned R rep- 
resenting the lowest and the hissing S the highest limit in 
this scale. Certain of the consonant checks, R, B, K, T, 
F, S, and the soft G, have definite intrinsic tones, while 
others jiartially borrow their tones or are modified by dif- 
ferent degrees of resonance in the nasopharyngeal and 
nasal cavities; the force value of the consonantal cheeks 
and their relation to the carrj'ing power of the inter- 
mediate vowel sounds also having an influence upon their 
audibility. 

The comparative force value of the consonant sounds, 
as determined by logographic curves and by the measured 
excursions of telephone disks, is represented in the follow- 

2S 
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ing table, in wliich T, as tlie consonant having the greatest 
force value, is rated at 100, and the others in comparative 
proportion : 



T KX) 

Z 63 

C, hard 62 

P 58 

G 56 

B 53 

D 45 



S 40 

F 35 

K, soft 31 

L 21 

N 11 

M 9 



Words containing the vowel sounds A, E, and I are 
more readily beard than those compounded with the vowel 
sounds and XJ, and words containing the bard-sounding 
sharply accentuated consonant checks, K and T, for in- 
stance, than those containing consonant sounds wbicli are 
tone borrowers, and resonance consonants, such as L, M, 
and N. In testing with single words it will frequently lie 
found that the patient will repeat, as having heard, iiistciul 
of the soft consonant sound used, tlie hard consonant 
sound of corresponding form, as d for 1 in the word log, 
which would have been heard had it been used. 

In addition to the test whieh may be made in ordinary 
conversation, the words of a sentence being so chosen as 
to reitresent the range of consonant sounds without im])air- 
ing the sense, single words in varying series and order of 
succession should be employed, preferably beginning with 
monosyllables made up of two representative consonants 
with an intermediate vowel, such as dog, bouse, long, laud, 
floor, roof, rug, chair, this, glass, round, ship, chip, cat. 

The ears should be tested separately, one ear Ijeing 
stopped, the eyes closed and the patient required to repeat 



each word as heard; after this test polysyllabic words 
should be used aDd the whole test rejieated, with succes- 
sioDal variations, in a whisper. 

In using botli the ordinary conversation tone and the 
whisper care should be taken to enunciate clearly and to 
preserve an even, unaccented tone, and the distances at 
which the test words are accurately heard should be re- 
corded; such a record, togetlier with a memorandum of 
the consonant substitution on the part of the patient, malt- 
ing a fairly comparative representation of the hearing 
effect for speech. 

In cases of high grades of impairment of hearing the 
same tests may be, monaurally, made by speaking through 
a paper tube, an ordinary stiff brown paper mailing tube, 
two inches in diameter, with a wad of loose wool inserted 
to break up its resonance, one end of the tube being in 
contact with the auricle of the patient and the other with 
the mouth of the speaker. 

For ordinary clinical use, in tiie great majont\' of 
cases, the tests with the ticking acoumeter, the inii>roved 
whistle, a medium- and a low-pitche<l tuning fork, and the 
spoken and whispered voice will suffice, but for more ac- 
curate determination, in complex cases, and for minute 
differential diagnosis, a wide range of tuning forks will 
be retjuired. 

APPLICATION OF TESTS 

The aiiplieation of hearing tests, however extensively 
and carefully made, is of clinical value for diagnostic 
purjjoses only when taken in conjunction with the other 
examinations in the individual case. 

Sound waves find access to the organ of hearing 
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tlirough the medium of the air (aerial conduction) and 
through the medium of the bones of the head (bone con- 
duction ) . 

The perception of sound waves conveyed aerially may 
be tested by means of any sound-producing source, but 
preferably by sources which have a defined value and are 
standardized — acoumeters, whistles, and tuning forks, for 
example ; the perception of sound waves by bone conduc- 
tion is best tested by means of tuning forks. 

By the individual tests through these media, and also 
by comparisons made between them, deductions may be 
drawn as to the location of the lesion which has mani- 
fested itself in an impairment of hearing. 

The normal sound-transmitting apparatus of the mid- 
dle ear being capable of transmitting sounds through a 
range from the lowest audible tone to a tone of from 
45,(K)0 to 50,000 vibrations per second, and the percep- 
tive apparatus having a capacitj' up to 100,000 vibrations 
per second or higher, the diagnostic value of tones of 
high pitch, aerially conveyed, is based upon the follow- 
ing premises: that the limit of the perceptive power 
exceeds the limit of the middle-ear transmission under 
normal conditions; that the structures of the middle ear 
present, therefore, in their normal condition a barrier 
to the passage of sonorous vibrations above a given 
point; that, the perceptive power of the ear being nor- 
mal, morbid changes in the middle ear result in a vari- 
ation in the limit of the transmission of musical tones. 
Increase in the upper tone limit, as tested by high-pitched 
musical tones, is found under voluntary contraction of 
the tensor tympani muscle, under moderately increased 
tension of the sound-transmitting apparatus as a whole, 
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iiiider tranamiasioM of the vibiatioii of the posterior seg- 
ment of the drmnbead directly to tbe des<?eDdiDg process 
of the inctis, either by contact or tkroagb the medima of 
cicatrices and adheacDB, and nnder cooditions of perfora- 
tion of the dmmbead, either snrgically or pathologically 
made, which ffermit direct aeeeas to a mobile staj^es. 

A eorrespronding deerea^ in the npper tone limit is 
found under increased tension of the middle-ear sound- 
transmitting apparatus to tbe extent of obstructive fixa- 
tion; under conditions inhibiting its movement, such as 
articular changes, swelling of tbe tympanic mucous mem- 
brane and accumulation of fluid in the middle ear in acute 
and general thickening of the mncous and submucous tis- 
sues in chronic, nonsuppurative cases, and in bony fixa- 
tion of the stapes; in cases of supparative disease, with 
perforation of the drumhead, such obstructions to the 
passage of sound waves or limitations of the movement 
of tbe stapes as are furnished by engorgement of the 
lining membrane, synecbiae, adhesions, and the presence 
of epidermal accumulations, granuloinata, and secretion. 

In cases of facial paralysis the test with tones of liigh 
pitch may sometimes assist in locating the seat of lesion ; 
if this location is below the offset of the twig to the stajie- 
dios muscle, and the middle ear is nonnal, there will be 
no alteration in the upper tone limit; if above this point, 
the consequent inhibition of the stapedius muscle will jier- 
mit an increase in tension of the sound-transmitting ap- 
paratus by tbe uncounteracted contraction of the tensor 
tympani muscle, resulting in an extension of the upper 
tone limit. 

The tests for variations in the lower tone liitiit by 
sounds aerially conveyed, while comparatively viilualilc in 
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the determination of interference conditions, are subject 
to the disadvantages incident to the fact tliat vibrations 
of greater aiuiilitude are readily translatable to the per- 
ceptive organ tbrougli other media than the sound- 
transmitting apparatus, and they are therefore of more 
value when their results are considered in conjunction 
with the results of tests of the upper tone limits. 

Aerial hearing for tones of low pitch may he de- 
creased by relaxation of the posterior segment of the 
drumhead, by the presence of relaxed cicatrices, and by 
geDeral interference with sound transmission in the mid- 
dle ear, especiaiiy in the region of the stapes and of the 
round window. Decreased hearing for tones of low and 
medium pitch may also occur, as a fatigue symptom, in 
various neuroses. 

In the difTerential diagnosis between conditions affect- 
ing sound trananiissiou and sound i)ercej)tion a eoniiiari- 
8on lictwecn the results obtained by aijrial and by bone- 
conduction tests is important. 

In iiiuiiaural impairment of hearing, if tJie sound of a 
vihrnting tuning fork, placed with its butt on the median 
line of the head, is heard better in the affected ear, the 
BHsuinption is iierniissible tliat the jierceptive apiiaratus 
on that side is intact, and that the defective hearing, aeri- 
ally, is due to some obstruction in the sound-transmitting 
apparatus. 

In binaural inii»aimient of hearing this test is of less 
value for differential diagnosis than when one ear is nor- 
mal, and its conclusions are oiien to such exceptions as 
occur with susjiense of labyrinth function consequent upon 
middle-ear clianges and the temporary abrogation of 
'"^ctiou occurring in hysteria and allied neuroses. 
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When the tuning fork is heard, hy bone conduction, 
from the median line mainly or solely in the hearing ear, 
the assumption is permissible that the impairment or loss 
of hearing in the affected ear is due to intralabyrinthine 
or intracranial changes or to a temporary abrogation of 
function. 

Testing by the tuning fork for duration of bearing, 
both aerially and by bone conduction, presupposes the use 
of a fork the normal audible duration of which has been 
determined by rejieated tests with apparently noruTal ears, 
the method sometimes employed of making comparison 
with the duration of hearing of the observer constitut- 
ing a standard of uncertain value. In testing it should 
also be had in mind that on the average more than 
fifty per cent of the intensity of the tone of the fork, 
actuated by a single blow or by compression of its 
tines, is lost in the first third of its duration of audible 
vibration. 

Since in the normal ear the sound of a tuning fork, 
aerially conveyed to the middle ear, is better and longer 
heard than when the sound is conveyed through the cranial 
bones, a measure for comparison is afforded, the duration 
for iiearing of tlie same fork, with its butt ]>laced upon the 
mastoid, being on the average about fifty-five per cent of 
the duration of hearing for the fork with the tips of its 
tines held opposite the meatus. 

This experiment of Weber, when taken in conjunction 
witli the preceding test of Rinne, affords for clinical uses 
a gross detennination of comparison between the effects 
of changes in the sound-transmitting apparatus and in 
the perceptive organ upon the function of bearing. For 
all such tests the medium pitched fork (512 v. s.) of pro- 
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longed audible duration (forty-five to sixty-five seconds) 
usually sufSces, and is preferable to forks of liigher 
pitch. 

To these tests may be added, as control tests, the en- 
totic tests of Politzer and Bing— sound conveyed through 
the tyiTipanophaiyngeal tube by means of a catheter — 
and the pressure test of Gelle, in wliich the tension of the 
sound-transmitting apparatus is varied by condensation 
and rarefaction of the air in the external auditory canal 
eoincidently with the perception of the sound of a tuning 
fork by bone (.■onduction, condensation of the air decreas- 
ing the tuning-fork perceittion in the normal ear by in- 
creasing iutralabyrinthine pressure ; tliis effect is wanting 
when tiiere is fixation of the stapes, and remains when 
there is decrease of hearing from intralabyrinthine causes, 
the stapes remaining mobile, Gelle's test is valuable only 
in the higher grades of iinpainnent of hearing. 

Despite the attention which has been given to the dif- 
ferential diagnosis of causative factors in the impainnent 
of hearing and their location in the sound-transmitting 
or sound-perceiving portions of the auditory apparatus, 
there is no field of otological research which offers so 
large an opportunity for control investigation. 

The transmission capacity of different portions of the 
cranimn, the degree of i)articipation of the sound-trans- 
mitting mechanism of tlie middle ear in the conduction 
to the labyrinth of sounds conveyed through the bones 
of the head, and, in cases of monaural impairment or loss 
of hearing, the symptom-effect of translation of sounds 
to the unaffected ear, are among the questions still await- 
ing a final <lecision, which can be arrived at only by the 
corapilation of the results of extended observations. 
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Note 8. — Surgical Exploration of the Labyrinth after the 
Method of Julien Bourguet. (Abstract and illustra- 
tions from Ammles des Maladies dc L'Oreille, dn 
Larynx, du Nez et du Pharynx, Paris, September 
1905, vol. xxxi, No. 9.) 

After a thorough review of other methods of perform- 
ing this operation, Bourguet describes his own technique, 




Fio. 37. — Facia] nerve protector for use in tabyrinthine operation. 



using a special instrument which he has devised to limit 
Uie dangers to the fa- 
cial ner\'e. This in- 
strument ( Fig. 37) acts 
as a guide for the 
opening into the laby- 
rinth and a protector 
for the nerve. It con- 
sists of a small semi- 
lunar plate fixed at 
an obtuse angle to a 
curved stem, like that 
of Stacke's protector, 
fitted to the curve of 
tlie external auditory 
canal. At the level of 
its base the plate is 
provided with a heel 
of three millimeters in 




Fio. 38. — The large figure shows the internal 
wall of antrum and tjTnpanura after extcn- 
flivc exenteration. The pmnll lif^r« sbown 
by dottfd lines the trephine areas. 1, open- 
ing into upper part of vestibule; 2, eitt<!r- 
nal semicircular cana] ; 3, opening into prom- 
ontory; F, facial canat; FO, oval nriudow; 
FR, round window. 
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It'iiglli liy two inillinu'icrM iti widtli, which is intended to 
niKtiK** in tlic voslilniU> iktohs the oval window. The su- 
)H>riuf I'ni'i' o{ the Iuh-I and the posterior surfacje of the 
\At\U', whirh 1ms ii lioight of three millimeters, present a 
I'oUfuvity that enilmu'ej* the external wall of the facial 
tunml «H it passes over the oval window. 

l!nvil)^ performed tlie mupleto inastoido- tympanal 
eveiiterHtioii in the usual way, the external oi>euing i 
the *nirte\ is tMiisiderably enlarged U> afford a thorough' 
iui«)Kvtioti of ttie internal tymimnie wall, under bright 
ilUunination (Fig. 13^), The footplate of the stajifs should 
U» rtniiovtHl emnpletely atnl the protector iutroilnced, its 
Ihh'I euteriiij: the o>nl window liiM. Resting the 

rht!)t>l iu tlK* eoiKMivity of the protector's ptate, the bony 

covering of the ante- 
rior branch of the ex- 
ttnti acBudrealar ca- 
nal eaii be eaahr en- 
leicd br a fetr rotarr 
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sure of tbe vestibule into the posterior l)raneb of tbe 
externa] semicircular canal. Witb tbe protector again re- 
placed and operating 
tbis time under its beel, 
the oval and round win- 
dows may be connect- 
ed by removing the in- 
tervening bone, witli- 
out risk of injuring 
tbe facial nerve in its 
downward course. Tbe 
cochlea has thus \ieen 
invaded, and the oper- 
ation is concluded by 
removal of the prom- 
ontory. As this bone 
is removed anteriorly, 
caution is necessary to 
avoid the carotid artery, wliioh occasionally encroaches 
upon tbe cochlea. The opening should not extend beyond 
tbe tj'mpanie level of tbe orifice of tbe tympanopharyn- 
geal tube. Tbe completed oiieration wound is sbown in 
Fig. 40. 




Ftc3. 40^ — Cpmplct^d operation; Uie intemat 
i?.eLr fully exposed. 
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Abortive treatment of mastoiditis, 

171, 174, 319. 
Abscess, brain, 197. 

cerebellar, 197. 

cerebral, 197. 

cervical (Bczold), 168, 257. 

digastric, 257. 

extradural, 273. 

intradural, 283. 

postaural, 260. 
Acoumeter, Politzcr's, 333. 
Adenoids, 288. 

aural symptoms of, 293. 

diagnosis of, 292. 

effect of, upon middle ear, 289. 
upon speech, 291. 

facial expression due to, 293. 

mode of interference of, with hear- 
ing, 289. 

pathology of, 288. 

prognosis of, 295. 

symptoms of, 292. 

treatment of, 298. 
Adenoid deafness, 288. 
Adenoidcctomy, 298. 

choice of instnimpnts for, 299. 

method of performing, .301. 

position of patient in, .300. 

use of ana'sthetios in, 297. 
Adhesions, intriitytnpanir, 122. 

division of, 215, 219. 
Aditus ad antrum, 33. 
Adventitious aural surgery, 288. 
Alcohol, for sterilization of hands, 51. 

for sterilization of instrunicnt«, 41. 
Algesimetcr, drsTription of, 322. 

use of, 104. 



Amrathesia, 57. 
employment of, in adenoidectomy, 
297. 

vapor method of, 60. 
Aniesthetics, 57. 
chloroform, 58. 
ether, 58. 

ethyl preparations, 59. 

nitrous oxide, 59. 

use of oxygen with, 60. 
Anatomy of auricle, 10. 

of external auditory canal, 9. 

of labyrinth, 2. 

of mastoid process, 21. 

of ossicles, 12. 

of temporal bone, 1. 

of tympanum, .'>. 

of tympanopharyngeal tube, 6. 
Anchylosis of ossiclex, 123. 

treatment of. 210, 218, 220. 
Angioma of the auricle, 77. 

treatment of, 78. 
Antisepsis, 41. 
Antrum mastoideum, 22. 

infection of, 159. 

opening of, 234, 249, 261. 
Aphiisia in brain al>.scc>ss, 324. 
ApjK.'ndagps, aurirulur, 68. 
A()ueductu!i cochlea, 2. 

veatibuli, 2. 
Artificial leech, use of, in furunculosis, 
107. 

in niikstoiditis, 174. 

in myringitis, 115. 

in otitis media, 147. 
Artificial tympanic membranes, 226. 
Aw>|i!iis, t'f.'chnique of, 38. 
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Atresia of external auditory canal, 

88. 

pathology of, 88. 

prognosis of, 90. 

treatment of, 90. 
Auditory canal, external, 9. 

atresia of, 88. 

diseases of, 63. 

exostosis in, 79. 

false membranes in, 94. 

foreign bodies in, 99. 

furuncle in, 103. 

stenosis of, 88. 
Auditory canal, internal, 2. 
Auditory nerve, 2. 
Aural fistula, congenital, 69. 
Aural polyps, formation of, 140. 196. 
Auricle, abnormalities of, 63. 

anatomy of, 10. 

angioma of, 77. 

arrested development of, 67. 

blood tumor of, 70. 

carcinoma of, 95. 

cystic tumors of, 76. 

dispa.s(;s of, 6.3. 

fibroma of, 74. 

homutoina of, 70. 

iiialforinatioii of. 07. 

mulpositioii of, 64. 

iionnal, description bf, 63. 

papilloma of, 70. 

perichondritis of, 70. 

replication of, 6.5. 

nidimcntary form of, 09. 

supernumerury growths of, 68. 

traumatic cy.st of, 70. 

tumors of, 73. 
Iwnign, 74. 
malignant, 75. 

Bandages, preparation of, 47. 
ISIood-i'lot dres.^ing in niastoidee- 

timiy, '2'>2. 
Mlood letting, in furuneulosi.-<, 107. 
in mastoiditis, 171. 
in rnyringitis, 1 1.'). 
otitis ini'dia, 1 17. 
's ill otitis media, i:iO. 



Brain abecess, 197. 
setiology of, 197. 
aphasia in, 324. 
contents of, 285. 
diagnosis of, 201, 205. 
drainage of, 286. 
localizing symptoms of, 324. 
location of, 200, 283. 
multilocular, 285. 
operation for, 284. 
pathology of, 198. 
prognosis of, 206. 
syniptoms of , 201 , 328. 
treatment of, 206. 

Calcareous degeneration in otitia 

media, 122. 
Carcinoma of auricle, 95. 

pathology of, 96. 

treatment of, 99. 

X-ray in treatment of, 99. 
Catgut, preparation of, 48. 
Catheterization, in otitis media, 129. 

method of performing, 129. 
Cereliellar abscess, 197. 

diagnosis of, 205, 328. 

localizing .symptoms of, 326. 
C<?rel>ral abscess, 197. 

diagnosis of, 20.5, 328. 

localizing symptoms of, 324. 
Cervical abscess, 257. 

counter puncture in, 259. 

treatment of, 258. 
Chills, in mastoiditis, 177. 

in sinus thrombosis, 186. 
Cholesteatoma, formation of, in tym- 
panum, 141. 
Chorda tympani nerve, course of, 3. 
Climate, effect of, upon the ear, 157. 
Closure of tympanic perforations, 221, 
226. 

Costume for surgeon, .52. 
Curettage of tympanum, 232. 
Cyst of auricle, traumatic, 70. 
Cysfomata, 70. 

De.'ifness due to adenoids, 288. 
to atresia of canal. S9. 



Deafness due to exostosis, 81. 

to foreign bodies, 100, 

to middl(M?ar diseaiw, 124, H2. 
Derraatiiiation of eatiul after exenter- 
ation, 236. 
Uiaeaaea of the auricle, 63. 

of the external auditory ranul, 63. 

of the maMtoid prfjce.ss, 157. 

of the tympanum, 110. 
Dressings, niaterial for, 46. 

preparation of, 46. 

prewervation of, 46. 

etepiiasation of, 45. 

with pfjIifHlion, 47. 
Dnuu-heads, artiricial, 228. 

Epitympanum, 20. 

removal of outer wall of, 2,13. 
Ethyl bromide as an ann'sthetie, 59, 
Ethyl c'hliiride an an anti'Hthctir, 59, 
Exentemtimi, tyrapaivoaiitral, 234. 

Dmatoidotympanal, 2(il. 
Exostosis of auditory eanal, 79. 

indieationH for operation upon, 82. 

methmls of removing, S4. 
Exploration of the labyrinth, 272, 347. 
Exploratorj- fyiiipunotoiuy, 211. 

de,seription of. 212. 

rea.'Kins for, 212. 

method of pe forminn, 214, 
External auditory canal, anatomy 
of, 9. 

disease.s of, 63. 
Extradural abaeess, 273. 

fonnatioii of, 274. 

Umit-atif»n of, 274. 

treat m(?t)t of, 275. 
Exudate in otitis media, 120. 

ehametcT of, 120, 135. 

effects of, 121. 

removal of, 122, 2CS. 

Fneial nerve, course of, 2, 

vulnerable points of, 3. 
False menibrnna tympaiii, 94. 

treatment of, 95. 
Fibromata of the auricle, 74. 



Fibromata of the auricle, pathology 

of, 74. 
treatment of, 75. 
Fistula, eongenital aural, 69. 
FlarinR ears, treatment of, 65, 
Foreign Ixidiea in external auditory 

eanal, 99. 
removal of, 101. 
Fomiiiliii sterili/.er, 42. 
Furuncle iu external auditory canal, 

103. 

diajrnosis of, 106. 
pathology of, 104, 
.HympfomH of, lO.'i. 
trctitment of, 107. 

(ialton whistle, 332, 
Cilandular enlargement in maatoidi- 
tis, 16.5, 

Granulation tisaue, removal of, from 
the tympanum, 232, 

Hearing tejrta, S3l. 

di.ignoatie value of, 341, 
Hi'ut, ust! of, in exudative otitis 
media, 131, 

in suppurative otitis media, 146. 

in ma.M(iii<liliK, 175, 
Hcniuloma auris, 70. 

a^tiologj' of, 71. 

pathology of, 70, 

sjinptonis <if, 72. 

treatment of. 73. 

lee coil in treatment of mastoiditis, 
174. 

Incision of membnina tympani (Para- 
eent«itsl, 208. 
in myrinjtitis, 1 IS. 
in otitis media, 147. 
value of, 317, 
Incudectomy, 218, 2.30. 
incus, anatomy of, 15. 
attachment of membranous flap to, 
227. 

caries of, 136, 228. 
removal of, 218, 230. 
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Infection, bacterial nature of, in oti- 
tis media, 134. 
in mastoiditis, 159. 
Infectious diseases, as factors in oti- 
tis media, 134. 
as factors in mastoiditis, 158. 
Inflammation of the middle ear, 
116. 

nonsuppurative. 118. 
suppurative. 133. 
sequelffi of, 155. 
Inflation of the tympanum in otitis 
media, 128. 
methods of, 129. 
Infusions, intravenous, 303. 

subcutaneous, 303. 
Inhalers for administering aniesthet- 

ics, 60. 
Insane ear, 70. 

Instruments for functional examina- 
tion, 332, 333, 336. 
Instruments, sterilization of, 41. 
by boiling, 44. 
by formaldehyde, 42. 
Internal ear, anatomy of, 2. 

involvement of, in punilent otitis, 
190. 

surgical opening of, 197, M7. 
Internal jugular vein, invasion of, by 
sepsis, 181, 187. 
ligation of. 189, 279. 
IntmTanial complieations of otitis 

media, 178, 197. 
Intravenous infusion, indications for, 
304. 

methods of, 310. 
physiolofjic action of .30.5. 
producing of Icucocytosis by, 307. 
silver nitrate in, 306. 
special solutions for, 300. 
Iodoform gauze, i)rcparation of, 4C. 

Jugular vein, internal, ligation of, 
IS!), 279. 
.septic invasion of, LSI, 187. 

"';l(>i(l tumors (Fibroin.-ita'), 74. 



Labyrinth, anatomy of, 2. 

exploration of, 272, 347. 

suppurative disease of, 190. 

surgical accessibility of, 3. 
Labyrinthitis, aetiology of, 191. 

diagnosis of, 195. 

lumbar puncture in, 196. 

meningitis as sequel to, 196. 

operation for, 272, 347. 

pathology of, 192. 

prognosis of, 196. 

symptoms of, 194. 

tinnitus in, 194. 

treatment of, 196. 
Lateral sinus, anatomical position of, 
30. 

exploration of, 276. 

opening of, 277. 

purulent invasion of, 180. 
Lateral wnus thrombosis, 178. 

jugular ligation in, 189, 277. 

treatment of, 188, 275. 
Leeching in aural disease, 107, 115, 

147, 174. 
Leptomeningitis, 204. 

diagnosis of, 204. 

pathology of, 200. 

prognosis of, 200. 

treatment of, 206. 
lictters, logographic value of, 340. 
I^cucocytosis, artiHcial production of, 
307. 

Leucoeytosis, in mastoiditis, 169. 

in .sinus thrombosis, 18.5. 
Ligation of internal vein, 189, 277, 
278. 

I.igatunw, preparation of, 47. 
Ix)gographic value of consonants, 340. 
Lumbar puncture, 311. 

in labyrinth disea.sc, 196. 

in meningitis, 203. 

site for, 312. 

Malaria in relation to ma.stoiditis, 169. 
Malfomiation of the auricle, 67. 

treatment of, 70. 
Malignant tumors of tiie auricle, 75. 
.Malleo-incuilectomy, 218, 230. 
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Malleus, anat-ocny of, 12. 

removal of, 2m, 230. 
Malposition of auricle, 64. 
Massage in the trcuttiicnt of otitic 

media, 131. 
Mastoid antrum, 33. 

determination of tenderness over, 
163, 323. 

inflammation in, 137. 

siM of, 34. 
Mftiitoid process, 21. 

cells of, 33. 

contour of, 26. 

devp!«}i[netit of, 21. 

diplfH'lii' (yjif (if. 32, 36. 

influiimmtioii of, Ifu. 

pneumatic typo of, 24, 25, 27, 29. 

Btnicturc of, 29. 

Bynimetiy of, 30. 

trephining of, 240. 
Mastoid tcdcma, 164. 

as indieation for operation, 177. 
Mastoid operations, 2.^8. 
Ma,«it(iid ]wriostiti«, 1(54, 240. 
Mtwtoid 8et|ucstrum, 240. 
Mastoid teiideniess, diagnostic value 
of. 163. 

indication for operation, 177. 
method of ascertaining, 103, 164, 

3*22. 

Ma.itoidectomy, 340. 

lilixHl-rlot dressing In, 2,^2. 

clofturc of wramd in, 255. 

completion of, 251, 

indications for, 177. 

in«tnjments requin^d for, 242. 

opening cortex in, 248. 

preliminaty im'ision for, 245. 

propor!»tion for, 241, 
Mastoiditis, l.'i?. 

abortive treatment of, 171, 174, 
319. 

ictlolo^ of, 157. 
ftrtificial leech in, 174. 
bacteria concerniHl in, l.W, 167. 
cold applications in, 174. 
c^omplications of, 250. 
dirignosis of, 166. 
24 



Mastoiditis, differential diagnoiiLs of, 
168. 
fever in, 165. 

glandular enlargement in, 165. 

hot applicutions in, 175. 

indications for operation in, 177. 

leeching for, 174. 

leucocytosia in. 169. 

malaria in relation to, 169. 

oidema in, 164. 

oedema of canal wall in, 165. 

otorrhcea in, 166. 

pain in, 162. 

painltsw, 167. 

pidliativc trPutment of, 170, 319. 

pathology of, l.W, 

priman-, 158, 2311. 

prf>(niosis in, 170, 

surgicnl treatment of, 176, 240. 

swelling in, 164. 

synjptonw of, 162, 328. 

tenderness in, 163, 323. 

treatment of, 172, 

tympanic drainage in, 174. 

typhoid fever in relation to, 160. 
Mastoidotympanal exenteration, 261. 

closure of wound in, 266. 

description of, 262. 

formation of flaps in, 265. 

skin grafting in, 269. 
Measles, as a emim of otitis media, 134. 

as a cause of ma.aloiditis, 158. 
Membrana (laccida, 12 
Membrana tyinjrani, 11. 

artificial. 22ti. 

falw, 94. 
treatment of, 9,5. 

inflammation of. 111. 

lime deposit in, 122. 

paracentesis of, 208, 317. 

tran.-lation of, 227, 229, 

relaxation of. 130, 224. 

niptnre of, in otitis media, 137. 

structun? of, 11, 
Membrana vibrana, 11. 
Mentniiitis, septic, 197. 

as cjiuse of labyrinthine disease, 
192. 
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Otitis media, suppurative, funetional 

disturliaricee in, 142. 
infectious nature of, 156. 
invading neighboring structures, 

139. 

irrigation treatment of, 150. 
objet'live Hymptoms of, 143. 
pathology of, 135. 
polypoid growth in, 140. 
process of extension in, 1,38. 
progiicKii.i in, 145. 
sfHiielic of, 15.5, 157. 
sulijective symptoms of, HI. 
treat mt'iit of, 146. 
tulwrculouM nature of, 142, 
Otorrhu'a, estiihliiihnient of, in otitis 
niediu, 149. 
indications for operative treatment 

of. 1.53. 
in niBatoiditiB, 166. 
treatment of, 149. 
Oxygen for use with anarathetica, 60, 

Pachymeningitis, 204. 

diairnosiii of, 204. 

pathology of, 190. 

prognosis of, 20fi, 

tn»tment of, 2()6, 
Papier disks for closure of perforations, 
222, 

Papillomata, 76. 

Paraeentcaia, in myringitis, 115. 

in suppurative otitis media, 147. 

method of |«;rfonning, 208. 

valuf of 317. 
Partial myringotomy, 115. 
Perforations, closure of, 221. 

by artificial drum-heads, 226, 
hy paper disl:s. 223. 

persistent tympanic, 221. 
Permanent postaural opening, 270. 

ffa-'Mins for, 270, 

method of piwuring. 271. 
I'eriehondritit! auricula , 70. 

pathology of, 72, 

treatment of, 73. 
Pharj'ngeal tonsil, hypertrophy of. 



Phleljttia of lateral sinus, 181. 
Phlebotomy in furunculosis, 107. 

in myringitis, 115. 

In suppurative otitis media, 147. 
Plugs, in the treatment of tension 

anomnlica, 225. 
Polyotia, m. 

Polypi, formation of, in tympanum, 
140, 196. 
removal of, 233, 
Post aural abst^esa, 260, 
treatment of, 261. 
Poetaural opening, permanent, 270. 
Postnaftat Rrowllis (udenoids), 288, 
Preauricular ap|H'iidages, (iS. 
Preparation, of operating room, 5,1. 
of patient, 55. 
of surgeon, .W. 
Probes in treatment of tension anom- 
alies, 22.5. 
Prominent eare, 65. 

Radical operation (mastoidotyni|)anal 

exenteration), 261. 
Removal, of epitympnnic wall. 233. 

of exudate in otitis nie<iia, 122, 208. 

of foreign bodies in ranol, 101. 

of incus, 218, 230. 

of malleus. 218, 230. 

of Htapes, 216. 
Rubber gloves, use of, S2. 

Sarcomata, 97. 

pathology of. 97. 

treatment of, 99. 

X-rays in, 99, 
Scarlet fever as a cause of mastoidi- 
tis, 158. 

as a cause of otitis media, I,t4. 
Septica'mia from sinus thrombosis. 
182. 

Shock from anaesthesia, 62. 

treatment of, 62, 
Silver- foil dressing, preparation of, 
49. 

Silver-wife utures, preparation of, 49. 
Sinus thrombosis, 178, 
appearanee of vessel in, 185, 276, 
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Tympanum, anatomy of, 5. 

contour of, 19. 

development of, 7. 

diiicascs of, 110. 

cpitympanic portion of, 20. 

inflammation in, 116. 

inner wall of, 20. 

oiierations upon, 207. 

reduplications of mucoua mem- 
brane within, 18, 37. 

relationship of, to internal carotid 
artery, 9. 



Tympanum, relationship to internal 
jugular vein, 9. 

Typhoid fever in rekition to mastoi- 
ditis, 169. 



Ulceration in otitis media, 136. 



Vapors in the treatment of otitis 

media, 131. 
Vertigo, aural operation for, 329. 
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Professor of Otology in the University and Bellfvue Hospital Medical College ; 
Aural Surgeon lo the New York Eye and Ear Infirmary ; Consulting 
Otologist to St. Luke's Hospital ; Consulting Otologist to the 
New York Orthopedic Dispensary and Hospital 

THIRD ED/TION, REl^ISED AND ENLARGED 

With 9 Colored Plates and 170 Illustrations in the Text 
8vo, 700 pages. Cloth, $5.00 

SOLD ONLY -BY SUBSCRIPTION 

In this work the author has endeavored to supply the needs of 
the general practitioner as well as those of the special surgeon. To 
this end considerable time has been spent in the consideration of 
pathological changes which may occur in the auditory apparatus. 
In those portions of the work devoted to the treatment of various 
diseases an effort has been made to describe in detail the various 
manipulative procedures employed in the local treatment of the dif- 
ferent conditions. The importance of a thorough functional exami- 
nation of the ear is emphasized, and the results of the most recent 
and reliable investigations are placed before the reader in a manner 
best suited to make them available and helpful in diagnosis. 

The illustrations are numerous and well executed, and contribute 
largely to a clear understanding of the text. All the illustrations 
delineating operative procedures have been carefully made from the 
author's dissections. 

" Impartially considered, we regard this text-book is the best exclusively otologics] 
classic published in Arnerica. " — The Larytigoicopt. 

" This new edition of the well-known text-book deserves the same success its 
predecessors have had." — The Amiricait Journal of Ophthntmotogy. 

" The advances of the last few years have required the rewriting of 3 considerable 
portion of Dr Dench's treatise. Particularly is this true with reference to the operalive 
treatment of chronic suppurative otitis media and the various intracranial complications 
of middle ear suppuration. These receive full and discriminating consideration in the 
present edition. The author notes his failures as welt as his succewes with each pro- 
cedure, and his pages bear the imprint of frankness as well as of a detailed knowledge 
of the questions discussed His standing in the field of otology is loo well known to call 
for any perfunctory praise. The typographical appearance of the hook i.s, in our judg- 
ment, more attractive than that ofthe former editions." — tMedicdl Rtcord. 
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Fellow of the Royal Society ; Fellow of the Royal College of Physician!., London ; 
Regius Professot of Medicine, Oxford University ; Honorary Professor of Medi- 
cine, Johns Hopkins University, Ballimore; formerly Professor of (he 
Institutes of Medicine, McGill University, Montreal; and 
Professor of Clinical Medicine in tlic University of 
Pennsylvania, Philadelphia 

THE WORK HAS BEEN REVISED, REH^RITTEN, RESET, ENLARGED, 
AND BROUGHT UP TO DATE IN ALL DEPARTMENTS 

Sixth Edition 

8vo. tlSa pages. Cloth, $<y.^o net 

" Practices sooti get old on the shelf and need frequent reviewing. 
It is well to look and see if one really has an up-to-date practice; if 
not, get this new Osier. No single work on the subject can speak with 
an equal voice of authority. It is probably the world's leading work 
oti practice." — Texas SMe Journal of Mafia' ne. 

"This work has, since its first edition, been one of the standard 
one-volume ' practices,' and is not likely to soon lose its status as such. 
The last edition contains the results of the latest research upon the 
subjects with which it deals, and the work is one to be highly recom- 
mended." — Mcui Ym-k Medical Reviciv of Rn>iews. 

"Osier's classical, work has been copyrighted eight times in the 
past thirteen years ; has gained a greater circulation than any practice 
of medicines ever secured in America; has now reached its sixth edi- 
tion and undoubtedly represents the high-water mark of medical lit- 
erature in the English-speaking world. To know Osier's ' Practice ' 
thoroughly is to be acquainted with the best exemplification of modem 
medicine. It should be found in the hands of all our readers." 

— lllimis Medical Journal. 

"This is no mere revision. Upon examination the work is found 
to be largely rewritten from the standpoint of the latest experiences in 
the entire range of medicine. The preeminent place i^ has occupied 
as a text- book and work of reference is more than renewed by this 
edition."— Tjif Chicago Medical Recorder, 
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" L«ube's book is Al. I shall adopt it in the school ; it is an old favorite." 

— mUiam Ot/fr. 

^' Ijeuhe^i work oo * Diaf^osis ' haa long hecti known by Gentian and Gertuah-rpadin^ 
phy^iicians as the best of its clas» in th^t lan^age. The publishers are ix con^raluiated 
on presenting it tu the KUKlisb-readintj medical public through the medium an excellent 
trandlalioo by Ur. Salini^er. Six editions m twelve years attest the high opinion of its merits 
held by the author's con I r.- res. The unquestioned and marked value of this work cousbls in 
the excellence of its discussions of di^erential dia^osis--this. indeed, is its main motive, the 
plan ol ttie book not contemplating any but passmg reletences tu clinical examinations and 
meth^Mjji, It is to be hopied, m the interest ol accuracy in diagnosis aiid because of its ^eat 
value in this respect, that Leube's ' Special Medical Dia^osis ' will End its way into ihe hands 
of every practitioner of internal medicine.'^ 

— Oltniwortli Ji, Butlrr, author 9/ Bitilet's " Diagnoslies ef Jnttmal Utditine.''^ 

" Of l^ulie's ' Diai^osis,' now in its sixth edition, it need only be said that it takes front 
tank amimt; the works of its class, covering in a most thorough manner the wide ran^ of 
subjects comprised in the field of internal medicine, and havinj; regard for eslabluthed 
modem methods of clinical inveslifialion. Numep'us additions have been made bv tlie 
American editor, adding to the completeness of the text. There is a copious index ol 50 pages. 
The txx>k is well printnl, moderately illustrated, and neatly bound." 

—New i'ort Medical Record . 

Every physician will extend a hearty welcome to Leube's well-known book. It is an 
excellent boolc'well translated. It describes diseases and their differential points in a clear 
and cottcise way. and besides this imparts a knowledge of the cour?^, complications, and 
termination of each. 

** These are the fuitdamental principles of the art of dia^osis, atid lay a firm foundation 
for rational treatment. The original work in German has passed through six editiofls in 
atx^ut twelve yeanv — a conclusive proof of the intrinsic merit of the work. 

" After a brief introduction the subject of disea-w! of the heart is given that careful con- 
sideration which its importance demands. Next fcillow chapters on diagnosis of difeases of 
the respiratory organs, then di!<eascs <if the liver and other abdominal organs. The urinary 
organs are next considere<l, then the diseases of the peritoiseum and nervous f-ystcm, and 
lastly tl*e infectioos and contagious disease-v That pan of the book devtited to disea.'^es 
of the nervous system is eihausti>ie and especially well written, and the chapters on the 
infectious diseases- are alone worth the price of the book. A full index adds to the value of 
the work."— J'uHrna/ 0/ Mf din tit attd Science. 

" The editor has served a good cau?e in tianslating (his sixth edition of r>r. Leube's work 
in a practical way. The work is certainly very complete and of great value to the busy 
practitioner of medidne In helping hiro to dear up a doubtful case. Antt knowing Dr. 
Leube's clinical experience is embixlied in the work, with a clear and full description, lends 
great value to the book." — The Nevi i'ort Stad ysurnat 0/ MfdiciHc. 
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"A TECHNICAL BOOK OF BROAD USEFULNESS." 

— ^The Times, New Yokk. 



THE LAW IN ITS RELATIONS 
TO PHYSICIANS 

By ARTHUR N. TAYLOR, LL.B. 

Of the New York Bar 
NEU^ EDIT/ON, REyiSED AND ENLARGED 

ximo. Cloth. Price, $2.00 

" Rarely has it been our privilege to examine a book which so clearly seems to 
just fill a demand as this one does. The physician must ever and again recur to the 
thought that by some slip he may expose himself to a suit whose loss will mean his 
financial ruin. The average physician does not know in any adequate way just what 
can legally be expected of him by his patient. Nor can he find out without great 
effort and probably expense. Neither, on the other hand, does he know what rights 
he has in the courts. If called into court he must submit utterly to the advice of his 
attorney. It is to meet these conditions that this book is issued. The author quotes 
fully of cases, decisions and opinions of leading courts and jurists everywhere, but 
especially in the various states. It is information such as the physician needs in his 
ordinary practice in order to protect himself, his reputation, and his family. Of course, 
unusual cases will come up, but if we know the principles underlying them we may 
act much more wisely. We believe the book will have a very wide circulation here in 
New HnglanJ, a success which it has already achieved in New York." 

— Annals of Gynacology and Pediatrics, Boston. 

" Every physician should, unless conversant with the law, avail himself of the 
contents of this book, and he will find himself better prepared to meet the conditions 
and circumstances involving legal complications into which any of us are liable to find 
ourselves drawn." — Journal of Cf(ervous and Mental Diseases, New York. 

" This volume is inJeed a most valuable one, because physicians should have an 
idea of the law as it regards them. For often it is found that physicians are ignorant 
of the most elementary principles of the law ; and this is not all, they do not understand 
the l.iw which refers to them. The book is an excellent trc.itise and one which brings 
out .ill the facts which it is important th.it a physician should know. We advise all 
phy-ici.ins to buy this book and read it through In a thousand and one instances it 
will he found of the greatest value." — Medicjl Progri-ss, Louisville. 
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APPLETONS' 
MEDICAL DICTIONARY. 

A NEW ILLUSTRATED MEDICAL DICTIONARY. 

An Illustrated Dictionary of Medicine and Allied Subjects in 
which are given the derivation, accentuation, and definition of terms 
used throughout the entire field of medical science. 

EoiTtD BY Prank P. Foster. M.D. 

Numerous Illustrations, One volume, half leather, $to.oo; 
thumb indexed, $n.oo. 

"This voSume is larj^, very large, near!)' two thousand pages, but it is a single volume, 
and so Its sljw can be fofKiv*n. As a dictionary the work has many excellencies. TUe pro* 
nunciatiau is, as a rule, indicated only by accenting the lille words, the derivations are given 
briefly, and the French and German etjuivalents, and often the Greelt, are inserted when they 
differ matehaily from the Enghsh. In regard to orthography, we are glad to see that Dr. 
Foster does not favor what he falls (he fad of substituting the lerminaUon • ic ' for ' ical,' dis- 
peusin^r with the final ' e ' in such terminations as ' ine^ and ' ide,* and suppressing diphthongs. 
The definitions arc clear and concise and, so far as we have been able to discover, .iccurate. 
In fine, the only serious cf iticism of the work is its siie, which tnight have been reduced by a 
careful pruning and rejection o( obsolete words ; but this counts for liltk in view of ifie cun- 
venience of arrangement, the accuracy of definition, the completeness, and the beauty of 
typography and binding." — tiem Yurk Mrdiciii Record, September 34, 1904. 

" We see few dictionariea without errors or omissions ; in this book we have found none." 

~Tke Medical SVsrld, Pkiliidt(pkia, Pa., November, igcH. 

" Probably the most complete and most exhaustive medical dictionary in eiistcnce. We 
have tried in vain to think of a word which might be absent in this ponderou* volume of 
a,ooo pages. Everything relating to medicine, pharmacy, chemistry, botany, etc. b there 
and is explained tileariy, concisely, and reliably.** 

— AVni York Critic and Guide, October, 19C4. 
It is accurate and up to dale in most respects, . , , The work shows the result of careful 
revision, as th; must re-rnt words are to he found in it " 

— Tkt Journal i>/ the American Medicat Associativn, Chieago, III,, December 17, 1904, 

" This volume before us, of nearly i.oco pajtes, seems more of a dictionary and less of an 
Illustrated cyclojsedia than almost any other upon the market. It represents conservatism 
In leiioographj, and is prepared on strict lesticologica! lines. . . , The definitions are excel- 
lent and can be ht^artily praised." 

—yokni Hopkim Hospital BuUttin, Bultimnre, Md., January, 1905. 

" We have looked over the volume carefully, and have sought for definitions of newer 
subjects with interest, and In each instance we have not been disappointed. A number of 
eolure J plates, as weil as ordinary black-and-white illuslrslions, ate employed to illustrate 
the text. The plate upon malarial fever is an excellent one, and is far better executed than 
most plates of this character ; indeed, it is ttie best that we have seen since the publirat on 
of Thayer and Hewetson's plates some yean ago. 

'* Although the number of medical dictionaries on (he market lo-day is very great, there 
is alw,iys room for an A No. i book, and those that are already in existence will have to 
kmk to their laurels if they do not wi^h to be pushed aside by this very notable addition to 
medical lexicoi:raphy,"— 7/te 7'kerapeufie Gazette, 

" I find it a handy, comprehensive, and scholarly work. I have tested it by kiokine for 
useful terms recently introduced and thus far have not looked in vain, finding in each instance 
a sucdnct, clear, and accurate definition."— iwj/i'iwon Siitit'Caien, M.D. 
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